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Amendment Under 37 C.F.R. § 1.111 
Appln.No.: 09/980,010 



REMARKS 

Claims 1, 3, 4, 6-9 and 12-17 are all the claims pending in the application. 
The Examiner included claim 11 in the rejections, however, claim 11 was earUer 
canceled. Support for the changes to independent claims 1 and 12 may be found in 
the specification as originally filed, for example, at page 7, lines 10-19, Examples 1 
to 12, and page 8, Unes 7-8. Support for new claims 14-17 may be found in the 
specification as originally filed, for example, in the Examples and at page 4, hne 21- 
page 5, line 12. 

I. Statement of Substance of Interview 

Applicants wish to thank Examiner Bissett and Examiner Sergent for the 
helpful and courteous interview conducted on December 17, 2003. The "Interview 
Summary" accurately memorialized the general discussion. During the interview, 
the rejections of the Office Action dated August 13, 2003 were discussed and the 
Examiner's positions concerning the scope of the language of the pending claims 
were discussed. 

II. The Objection to the Disclosure 

The Examiner acknowledges Applicants' amendments to the specification, 
but states that the changes "[do] not correct all of the grammatical and 
typographical errors present in the rest of the specification." 
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File herewith is a substitute specification. Applicants respectfully submit 
that Applicants' substitute specification is clear, definite and in proper idiomatic 
English and it is requested that the objection to the specification be reconsidered 
and withdrawn. If the Examiner becomes aware of any fiirther changes required to 
clarify the grammar in the specification, she is requested to point out the changes 
required so that corrections may be made. 

The required statement that the substitute specification contains no new 

matter is set forth below. 

For the above reasons, it is respectfully submitted that AppUcant's 
specification fiilly complies with 35 U.S.C. § 112, 37 C.F.R. § 1.71 and MPEP 
§608.01 and it is requested that the objection to the specification be reconsidered 
and withdrawn. 

III. Statement Concerning the Substitute S pecification 

The undersigned hereby states that the herein attached Substitute 
Specification contains no new matter, that the herein attached marked up copy of 
the substitute specification shows the matter being added to and the matter being 
deleted from the specification of record and that the Substitute Specification 
contains the same changes that are indicated in the herein attached marked up 
copy. 
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IV. Paragraphs 7-24 - The Art Rejections 

In the Office Action dated August 13, 2003, the Examiner maintained each of 

the following art rejections: 

Claims 1, 9, and 12-13 are rejected under 35 U.S.C. §102(b) as allegedly being 
anticipated by Ormsby et al as evidenced by Bright. 

Claims 1, 3-4, 9, and 12-13 are rejected under 35 U.S.C. §103(a) as allegedly 
being unpatentable over Okoroafor et al in view of Ormsby et al as evidenced by 
Bright. 

Claims 7 and 8 are rejected under 35 U.S.C. §103(a) as allegedly being 
unpatentable over Ormsby et al as evidenced by Bright and further in view of 
Perrott et al. 

Claim 6 is rejected under 35 U.S.C. §103(a) as allegedly being unpatentable 
over Ormsby et al as evidenced by Bright and further in view of Toba et al. 

The Examiner states that the §132 Declaration filed June 9, 2003 is 
insufficient to overcome the rejections based upon Okoroafor et al or Ormsby et al 
because "the scope of the structures the applicant claims overlap the structures 
found in the references." 

The Examiner also states that Apphcants appear "to be depending on 
elements not found in the claims to differentiate the claims from the prior art." 

As discussed during the interview, the Examiner's position was that 
Applicants' claims did not exclude a second curing agent, such as trimethylol 
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propane in addition to the curing agent listed in Applicants* claims. That is, the 
Examiner alleged that AppUcants' claims read on, and that Ormsby disclosed, a 
cured polyurethane mixture of a polyurethane prepolymer with an isocyanate group 
on both ends obtained from a mixture consisting of diisocyanate and polyol, a curing 
agent consisting of a polyurethane polyol with a hydroxyl group on at least both 
ends obtained from diisocyanate and polyol, and a photochromic organic compound, 
and a trimethylol propane. Concerning Ormsby, it also appeared to be the 
Examiner's position that Ormsby disclosed reactants that could be Applicants' 
claimed polyurethane prepolymer and a polyurethane polyol with a hydroxyl group 
on at least both ends obtained from diisocyanate and polyol. 

Concerning Okoroafor, using a similar analysis, the Examiner's position was 
not that the thiourethane was within the scope of Applicants' claimed "mixture of a 
polyurethane prepolymer with an isocyanate group on both ends obtained from 
diisocyanate and polyol". (This appeared to be a change from Examiner Rebar*s 
position). Rather, it appeared to be the Examiner's position that Applicants' claims 
did not exclude a thio reactant in addition to the mixture of a polyurethane 
prepolymer with an isocyanate group on both ends obtained from a mixture 
consisting of diisocyanate and polyol, a curing agent consisting of a polyiarethane 
polyol with a hydroxyl group on at least both ends obtained from diisocyanate and 
polyol, and a photochromic organic compound. The Examiner particularly noted 
Okoroafor, column 5, line 55+ and column 8, line 37+. 
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Applicants respectfully submit that the present invention is not anticipated 
by or obvious over the disclosures of Ormsby et al, alone or in view of the secondary 
references, or over the disclosures of Okoroafor et al in view of Ormsby et al, and 
request that the Examiner reconsider and withdraw these rejections in view of the 
following remarks. ~ 

First of all. Applicants have amended the independent claims to further 
define and clarify the components of the photochromic layer and the cured 
polyurethane reaction product. The cured polyurethane reaction product is 
obtained from a mixture consisting essentially of a polyurethane prepolymer with 
an isocyanate group on both ends obtained from a mixture consisting of 
diisocyanate and polyol, a curing agent consisting of a polyurethane polyol with a 
hydroxyl group on at least both ends obtained from diisocyanate and polyol, and a 
photochromic organic compound, adhering to each of said two transparent synthetic 
resin sheet layers. The transitional phrase "consisting essentially of excludes 
unlisted ingredients that "materially affect the basic and novel properties of the 
invention." The transitional phrase "consisting of excludes unhsted ingredients. 

Applicants respectfully submit that the claimed components do not contain 
the components of the systems of the cited art. 

Applicants also submit the following comments on the disclosures of the cited 
art. The Examiner states that Applicants argue that "the crosslinking agents in 
Ormsby et al are only catalysts (Office Action, page 7, paragraph 19). Applicants 
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respectfully submit that the Examiner has misunderstood Applicants' argument. 
As stated in the Amendment dated June 3, 2003, page 9, paragraph IV , line 10, 
"[i]n Ormsby et al, tri-methylol propane functions as the curing agent". Also in the 
Amendment, page 11, lines 2 to 3, there is the statement "using the tri-methylol 
propane of Ormsby et al as the curing agent". That is, the trimethylol propane is 
not a catalyst, but it is a curing agent. 

The Examiner also used the term "a triol" to describe the curing agents of 
Ormsby et al. However, Ormsby et al does not discloses a broad range of curing 
agents, such as triols in general. Rather, the curing agent of Ormsby et al is limited 
to trimethylol propane (Ormsby et al, col. 3, line 42, col., 4, line 26 and claim, 6). 

The Examiner "shows" the polymer in Ormsby et al using a diagram on 
page 6 of the Office Action, stating "the structure also meets the applicant's defined 
structure in claim 1, where the polyurethane prepolymer are represented ... by 
rectangle-hexagon-rectangle sequences, and the curing agent is represented by the 
triangle-rectangle-triangle sequence." The diagram may be representative of the 
polymer in Ormsby et al. However, said diagram is not a correct representation of 
the cured polyurethane of the present invention. The curing agent of the present 
invention is a polyurethane polyol with a hydroxyl group on at least both ends 
obtained from diisocyanate and polyol. Therefore, the curing agent of the present 
invention does not have a structure such as that represented by the triangle- 
rectangle-triangle sequence. This triangle-rectangle-triangle sequence does not 
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contain a structure of a polyurethane polyol with a hydroxyl group on at least both 
ends, as in the present invention. 

Regarding the Examiner's definition of the term polycarbonate. Applicants 
respectfully submit that a "polycarbonate" is a term in the art that defines a class of 
polymers. The definition of the term polycarbonate is a polyester derived fi-om a 
reaction of carbonic acid derivatives with diols and has the formula: 

R'-[(0(CO)OR)]n-OH 

See the attached definition of a polycarbonate from Kirk-Othmer Encyclopedia of 
Chemical Technology, Vol. 18, Ed., page 479. 

The structure of poly (allyldiglycol) carbonate is shown in "Chemical Survey" 
No. 39, 1998, pl74-175 (EngUsh translation). 

Regarding the Examiner's statements concerning the definition of the term 
"photochromism" (page 7, paragraph 18 of the office action), Applicants respectfully 
submit that Applicants' statements concerning "photochromism" in the Amendment 
dated June 3, 2003 are within the commonly imderstood meaning of 
photochromism. Regarding the definition of term "photochromism". Applicants 
submit herewith three Japanese pubUcations and the partial English translation 
thereof. The term "photochromism" is defined in the three pubhcations as follows: 

Photochromism means the phenomena that a substance species changes its 
color in the state of a solid or a solution by irradiation of a light (an ultraviolet light 
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or visible rays) and again reverts to its original color in a dark place (generally the 
reverting speed is low) (Phvsical and Chemical Dictionarv . Iwanami)). 

Photochromism is defined as reversible change (A -o- B) of a single compound 
which is caused due to a photoelectromagnetic wave in at least one process between 
two states having different absorption spectrum to each other (Experimental 
Chemical Lecture No. 12 . fourth edition). 

UV 

A <^ B 
Vis 

colorless form colored form 

As described in the above formula, photochromism is defined as "the 
phenomena that a single chemical species reversibly isomerizes between two states 
different in absorption spectrum to each other without changing its molecular 
weight by action of a light ( Chemical Survev . (quarterly pubhcation), No. 28). 

Each definition of photochromism described in the three pubhcations has the 
same meaning. A person of ordinary skill in the art readily imderstand that the 
term "photochromism" has the above-discussed meaning. Also in the present 
specification, it is clear that the term "photochromism" is used in its art recognized 
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sense, and has the above-discussed meaning. The laminate of the present invention 
has a photochromic layer comprising a photochromic organic compound. 

The present specification describes on page 3, line 3, to page 4, line 2, that 
"[a]n object of the present invention is to provide a transparent synthetic resin 
laminate with photdchromism property in which both a color development speed 
and a color disappearance speed are high That is, the photochromism property 
of the present invention is evaluated and measured as a color development speed 
and a color disappearance speed. The method for measurement of color 
development speed and color disappearance speed is described in AppUcants' 
specification, page 19, Une 3, to page 4, line 14. 

Color is expressed as transmittance. The method for measurement of 
transmittance is described in Applicants' specification, page 18, lines 1 to 9. An 
ultraviolet light is apphed as a light for irradiation. The non-irradiation of 
ultraviolet light is a dark state. The change of transmittance, i.e., a change of color 
between non-irradiation of ultraviolet light and irradiation of ultraviolet light 
signals a reversible change (A ■O' B) of a photochromic compound. That is, this 
means photochromism is exhibited. Color development speed (ta) and color 
disappearance speed (tb) are described on page 20, lines 5 to 11. 

Phvsical and Chemical Dictionary (Iwanami) describes that the reverting 
speed to original color in a dark place is low. 
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Each ta and tb are measured as a time in which transmittance is changed 
from Tl or T2 to (Tl+T2)/2. Herein, (Tl+T2)/2 shows half value period of 
transmittance. 

In Chemical Survey (quarterly) No.28, the life of the colored species with 
photochromism is determined as its half value period (xi/2, min) of transmittance 
(page 53, paragraph 1.2, lines 7 to 9 and page 55, Figure 3). 

In Experimental Chemical Lecture No. 12 , as a method for evaluation of 
photochromic characteristics, a method comprising determining half value period in 
the degree of coloration due to a light has been often applied. Further, the 
publication describes on page 191, hnes 5 to 6 that each sensitivity of color 
development and color disappearance depends on quantum yield (cp) X absorption 
coefficient (^). 

Thus, both the photochromism property and the method for evaluation of the 
photochromism property as in the present invention are based on the common 
knowledge of a person of ordinary skill in the art. 

If the Examiner maintains the position that Applicants use of the term 
"photochromism" in the present invention is different than that known in the art, 
the Examiner is requested to particularly explain the position that Applicants' 
statements conflict with the commonly understood meaning of photochromism. 
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The Examiner further states that Applicants have not shown that bending a 
laminate structure to form a lens imparts to the lens any properties that would 
make it patentably distinct from the molded lens in Ormsby. Submitted herewith is 
a Declaration Under 37 C.F.R. § 1.132, including comparative experiments which 
demonstrate that it is far more difficult to form a lens by bending the transparent 
synthetic resin laminate using the curing agent (tri-methylol propane) as disclosed 
in Ormsby et al than in the case of the transparent synthetic resin laminate of the 
present invention. 

As shown in the Declaration, when the transparent synthetic resin laminate 
used the curing agent disclosed in Ormsby et al was employed in the formation of a 
lens, leakage of the photochromic layer from each discs as a lens occurred due to 
peeling-ofif of the photochromic layer from the polycarbonate films as outer layers, 
so that lenses could not be formed. 

Further to the §103 rejections and regarding the Examiner's statements of 
page 8, paragraph 21, of the Office Action that the polymerizable organic 
composition of Okoroafor contains both at least one capped polyisocyanate and at 
least one polythiol as indispensable components and decapped polyisocyanate, 
polyol and polythiol react to form a polyurethane prepolymer (probably 
polythiourethane prepolymer). The claims of the present invention, as amended, 
recite a polyurethane prepolymer obtained from a mixture consisting of 
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diisocyanate and polyol. Therefore, the use of polythiol is precluded in the 
production of the pol5airethane prepolymer of the present invention. 

Regarding pages 8 to 9, paragraph 22, of the Office Action, the capped 
polyisocyanate in Okoroafor is converted to decapped polyisocyanate and 
nonfugitive capping groups (Okoroafor, col. 3, lines 1 to 5) and nonfugitive capping 
groups react with other nonfugitive capping groups to from oHgomeric species or 
react with decapped isocyanate or reactive hydrogen groups to form polymeric 
species (Okoroafor, col. 3, lines 13 to 21). The claims of the present invention recite 
a polyurethane prepol5nner obtained from a mixture consisting of diisocyanate and 
polyol. Therefore, formation of such oUgomeric species or such polymeric species is 
precluded in the production of the polyurethane prepolymer of the present 
invention. 

As to the Examiner's statement that "[tjhis negative effect may be overcome 
by adding ... polyurethane" (Office Action, page 9, hnes6 to 9), Apphcants 
respectfully submit that there is no such description in Okoroafor et al. It is 
questionable whether such negative effect can be overcome by such a treatment as 
raised by the Examiner. That is, when more photochromic compound is added, 
deactivated photochromic compound may exert any influence on photochromic 
properties of other activated photochromic compound, and it becomes difficult to 
adjust suitable amount of photochromic compound and problems of cost may be 
created. When the photochromic compound is added at some other point it is 
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difficult to determine the timing of addition without impairing photochromic 
properties. 

Regarding page 9, paragraph 23, of the Office Action, Applicants note that 
known hindered amine Ught stabihzers (HALS) and known antioxidants also can be 
applied to the photochromic layer of the present invention. 

Regarding page 9, paragraph 24, of the Office Action, the Examiner appears 
to state that TDI is used in the production of a polyurethane prepolymer. 
Applicants respectfully submit that that there is no description in Toba et al that 
known TDI is used as part of a curing agent. Further, Applicants' claim 6 recites a 
preferable curing agent. 

Even if the cited references are combined, it is respectfully submitted that 
the present invention would not have been arrived at. 

For the above reasons, it is respectfully submitted that the subject matter of 
claims 1, 3, 4, 6-9, 12 and 13 is neither taught by nor made obvious from the 
disclosures of the disclosures of Ormsby et al, alone or in view of the secondary 
references, or over the disclosures of Okoroafor et al in view of Ormsby et al, and it 
is requested that the rejections under 35 U.S.C. §§102 and 103 be reconsidered and 
withdrawn. 
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V. Conclusion 

In view of the above, Applicants respectfully submit that their claimed 
invention is allowable and ask that objection to the specification, the rejection under 
35 U.S.C. §102 and the rejections under 35 U.S.C. §103 be reconsidered and 
withdrawn. Applicants respectfully submit that this case is in condition for 
allowance and allowance is respectfully solicited. 

If any points remain at issue which the Examiner feels may be best resolved 
through a personal or telephone interview, the Examiner is kindly requested to 
contact the undersigned at the local exchange number listed below. 

Applicants hereby petition for any extension of time which may be required 
to maintain the pendency of this case. 



Respectfully submitted. 




SUGHRUE MION, PLLC 
Telephone: (202) 293-7060 
Facsimile: (202) 293-7860 



Lee C. Wright 
Registration No. 41,441 



WASHINGTON OFFICE 



23373 



CUSTOMER NUMBER 



Date: January 13, 2004 
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TRANSPAKENT SYNTHETIC RESIN LAMINATE WITH PHOTOCHROMISM 
PROPERTY 

FIELD OF ART 

The present invention relates to a transparent synthetic resin laminate with 
photochromism property and, specifically, to a transparent synthetic resin laminate 
with excellent photochromism property exhibiting both a high color development 
speed and a high color disappearance speed. The transparent synthetic laminate 
may be used as an optical lens and is excellent in both control of thickness of a 
photochromic coated film and surface smoothness thereof. 

BACKGROUND OF THE INVENTION 

As conventional optical lenses^ such as photochromic lenses, inorganic lenses 
have generally been used. Usually an inorganic coating layer with photochromic 
property is added to a surface of a glass or a surface of plastic lenses^ such as CR-39. 
Recently, as a lens itself, the use of plastic lenses with high impact resistance has 
spread. Particularly, in United States of America, lenses made from a 
polycarbonate have widely proliferated and demand for sun glasses with impact 
resistance has rapidly increased because of extensive outdoor activities. 

Synthetic resin laminates with photochromism property have hitherto been 
obtained by adding a photochromic organic compound to a sihcone surface curing 
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coating agent, coating it on one side of a substrate, and then performing cure, and 
by adding a photochromic organic compound to an urethane coating agent, coating 
it on one side of a synthetic resin laminate, and then performing cure. (Japanese 
Patent Kokai (Laid-open) No.63-178193). 

However, in the process for coating a coating agent containing a 
photochromic organic compound on one side of a synthetic resin substrate, it is 
difficult to obtain a smooth coated film surface and to control a thickness of a coated 
film. When a coated film surface is not smooth, it is not practical or preferred for 
use since the laminate as a photochromic lens causes distortion through the lens. 

Further, Japanese Patent Kokai (Laid-open) No.61— 148048 discloses a 
photochromic laminate with a photochromic layer containing a spironaphtho 
oxazine derivative interposed between transparent material layers. Although the 
prior art discloses an example in which one liquid type polyurethane resin is 
contained in a photochromic layer, both a color development speed and a color 
disappearance speed are low, and thus that photochromic laminate is insufficient. 

Moreover, also in photochromic lenses, various processes such as direct 
kneading into a resin and coating on a resin surface have been tried. However, they 
are not successful and are not put into practice because of performance problems 
due to insufficient heat resistance of the photochromic elements during kneading, 
and also due to problems in surface coating, and contrast shortage from limitation 
of coated film thickness. 
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Thus, in the present situation, there exists no transparent synthetic resin 
laminate with photochromism property as a photochromic lens in which both a color 
development speed and a color disappearance speed are high and surface 
smoothness of a coated film and control of coated film thickness in a photochromic 
layer are excellent. 

DISCLOSURE OF THE INVENTION 

The present invention solves the above-mentioned problems in the prior art. 
An object of the present invention is to provide a transparent synthetic resin 
laminate with photochromism property in which both a color development speed 
and a color disappearance speed are high, contrast in color development is 
maintained for a long time and the surface smoothness of a coated film and the 
control of thickness of a coated film in a photochromic layer are excellent. 

As a result of studies of the above-mentioned problems in the prior art, the 
inventors have invented a transparent synthetic resin laminate in which both a 
color development speed and a color disappearance speed are high and contrast in 
color development is maintained for a long time and the surface smoothness of a 
coated film and the control of thickness of a coated film in a photochromic layer are 
excellent, by interposing a photochromic layer formed by curing a mixture of a two- 
liquid type polyurethane of a polyurethane prepolymer and a curing agent, and a 
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photochromic organic compoimd. Optionally, a light stabilizer and an antioxidant 
between two transparent synthetic resin layers may be used. 

That is, the present invention provides a transparent synthetic resin 
laminate with photochromism property consisting essentially of two transparent 
synthetic resin layers and a photochromic layer formed by curing a mixture of a two 
Uquid polyurethane of a polyurethane prepolymer and a curing agent, a 
photochromic organic compound, a light stabilizer and an antioxidant between two 
transparent synthetic resin layers. 

Further, the present invention provides a process for producing a transparent 
synthetic resin laminate with photochromism property which comprises: 

coating a mixture of a two-liquid polyurethane of a polyurethane prepolymer 
and a curing agent, a photochromic organic compound and a solvent, a light 
stabiHzer, and an antioxidant on one side of a transparent synthetic resin sheet, 

then, removing substantially all the solvent from the mixture, 
then, adhering another transparent synthetic resin sheet to the coated side of 
said synthetic resin sheet, and 

then, curing the two-hquid polyurethane, 

thereby, forming a photochromic layer. 

The present invention will be described in detail below. 
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The transparent synthetic resin to be used in the present invention is not 
Umited as long as it is a resin with high transparency. It is preferable to use a 
polycarbonate resin and a polymethylmethacrylate resin. As the combination of two 
transparent synthetic resins, a polycarbonate resin, a polymethylmethacrylate or 
both thereof is (are) appUed to the two transparent synthetic resins. A transparent 
synthetic resin with a thickness of 50 to 2000 ^m may be used. When bending into 
a lens form is performed, it is preferable to use a synthetic resiii sheet with a 
thickness of 100 to 1000 ^m. 

The present invention relates to a photochromic layer formed by cure of a 
two-Uquid polyurethane of a polyurethane prepolymer and a curing agent 
containing a photochromic organic compound, a light stabilizer, and an antioxidant 
between two transparent synthetic resin layers. Thereby, it becomes possible to 
produce industrially a transparent synthetic resin laminate excellent in both heat 
resinstance and impact resistance that exhibits a high color development speed and 
a high color disappearance speed in use as a lens and possesses photochromic 
performance that is excellent in surface smoothness of a coated film in a 
photochromic layer, equivalent to conventional inorganic types, and maintains a 
photochromic characteristics, such as contrast in color development, for a long 
period of time. 

Generally, polyurethane includes one-liquid type and two-liquid type. In the 
present invention, it is preferable fi-om the aspects of color development speed, color 
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disappearance speed, and solubility of photochromic compound and various 
additives to use a two liquid pol3rurethane of a polyurethane prepolymer and a 
curing agent. Actually, a prepolymer is dissolved in a specific solvent and mixed 
with various additives including a photochromic compound and then a curing agent 
is added thereto. 

As the pol3airethane prepoljmier, a compound obtained by reaction of 
isocyanate and polyol in a specific proportion is used. That is, the polyurethane 
prepolymer is a compound with an isocyanate group on both ends obtained from 
diisocyanate and polyol. The diisocyanate compound to be used for the 
polyurethane prepolymer is preferably diphenylmethane-4,4'-diisocyanate (MDI). 
Further, as the polyol, it is preferable to use polypropylene glycol (PPG) with a 
pol5niierization degree of 5 to 30. 

The molecular weight of the polyurethane prepolymer is a number average 
molecular weight of 500 to 5000 and preferably 1500 to 4000 and more preferably 
2000 to 3000. 

The curing agent is not linriited as long as it is a compound with two hydroxyl 
groups. Examples of the curing agent include polyurethane polyol, polyether polyol, 
polyester polyol, acryl polyol, polybutadiene polyol and polycarbonate polyol, among 
which polyurethane polyol with a hydroxyl group on its end, obtained from specific 
isocyanate and specific polyol, is preferable. Particularly, polyurethane polyol with 
a hydroxy group on at least both ends derived from diisocyante and polyol is 
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preferable and it is preferable to use tolylenediisocyanate (TDI) as the diisocyanate. 
Further, as the polyol, it is preferable to use PPG with polymerization degree of 5 to 
30. 

The molecular weight of the curing agent is a number average molecular 
weight of 500 to 5000 and preferably 1500 to 4000 and more preferably 2000 to 
3000. 

In order to adjust the viscosity of the polyurethane prepolymer and the 
curing agent, a solvent such as ethyl acetate and tetrahydrofurane may be used. 

In the present invention, the organic compound with photochromic property 
is not limited as long as it has good compatibility with the polyurethane 
prepolymer. Photochromic organic compound obtainable on the market can be used. 
From the aspect of photochromic performance spiropyran compounds, spiroxazine 
compounds, and naphthopyran compounds are preferably used as the photochromic 
organic compound. 

Examples of the spiropyran compound include l',3',3'-trimethylspiro(2H-l- 
benzopyran-2,2'-indoline), l',3',3'-trimethylspiro-8-nitro(2H-l-benzopyran-2,2'- 
indoline), l',3',3'-trimethyl-6-hydroxyspiro(2H-l-benzopyran-2,2'-indohne), l',3',3'- 
trimethylspiro-8-methoxy(2H-l-benzopyran-2,2'-indoline), 5'-chloro-l',3',3'-trimethyl- 
6-nitrospiro(2H-l-benzopyran-2,2'-indoline), 6,8-dibromo-l',3',3'-trimethylspiro(2H- 
l-benzopyran-2,2'-indoline), 8-ethoxy-l',3',3',4',7'-pentamethylspiro(2H-l- 
benzopyran-2,2'-indoline), 5'-chloro-l',3',3'-trimethylspiro-6,8-dinitro(2H-l- 
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benzopyran-2,2'-indoline), 3,3,l-diphenyl-3H-naphtho(2,l-b) pyran, 1,3,3- 
triphenylspiro[indoline-2,3'-(3H)-naphtho(2,l-b)pyran], l-(2,3,4,5,6- 
pentamethylbenzyl)-3,3-dimethylspiro[indoline-2,3'-(3H)-naphtho(2, l-b)pyran] , l-(2- 
methoxy-5-nitrobenzyl)-3,3-dimethylspiro[indoline-2,3'-naphtho(2,l-b)pyran], l-(2- 
nitrobenzyl)-3,3-dimethylspiro[indoline-2,3'-naphtho(2,l-b)pyran], l-(2- 
naphthylmethyl)-3,3-dimethylspiro[indoline-2,3'-naphtho(2,l-b)pyranl and 1,3,3- 
trimethyl-6'-nitro-spiro[2H-l-benzopyran-2,2'-[2H]-indole]. 

Examples of the spiroxazine compound include 1,3,3-trimethylspiro [indolino- 

2,3'-[3H] naphtho [2,1-b] [1,4] oxazine], 5-methoxy-l,3,3-trimethylspiro [indolino- 

2,3'-[3H] naphtho [2,1-b] [1,4] oxazine], 5-chloro-l,3,3-trimethylspiro [indolino-2,3'- 

[3H] naphtho [2,1-b] [1,4] oxazine], 4,7-diethoxy-l,3,3-trimethylspiro [indolino-2,3'- 

[3H] naphtho [2,1-b] [1,4] oxazine], 5-chloro-l-butyl-3,3-dimethylspiro [indolino-2,3'- 

[3H] naphtho [2,1-b] [1,4] oxazine], l,3,3,5-tetramethyl-9'-ethoxyspiro [indolino-2,3'- 

[3H] naphtho [2,1-b] [1,4] oxazine], l-benzyl-3,3-dimethylspiro [indoline-2,3'-[3H] 

naphtho [2,1-b] [1,4] oxazine], l-(4-methoxybenzyl)-3,3-dimethylspiro [indoline-2,3'- 

[3H] naphtho [2,1-b] [1,4] oxazine], l-(2-methylbenzyl)-3,3-dimethylspiro [indohne- 

2,3'-[3H] naphtho [2,1-b] [1,4] oxazine], l-(3,5-dimethylbenzyl)-3,3-dimethylspiro 

[indoline-2,3'-[3H] naphtho [2,1-b] [1,4] oxazine], 1- (4-chlorobenzyl)-3,3- 

dimethylspiro [indoline-2,3'-[3H] naphtho [2,1-b] [1,4] oxazine], l-(4-bromobenzyl)- 

3,3-dimethylspiro [indonne-2,3'-[3H] naphtho [2,1-b] [1,4] oxazine], l-(2- 

fluorobenzyl)-3,3-dimethylspiro [indoUne-2,3'-[3H] naphtho [2,1-b] [1,4] oxazine], 

l,3,5,6-tetramethyl-3-ethylspiro [indoline-2,3'-[3H] pyrido [3,2-f| [l,4]-benzoxazine], 
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1,3,3,5,6-pentamethylspiro [indoline-2,3'-[3H] pyrido [3,2-fl [l,4]-benzoxazine], 6'- 
(2,3-dihydro-lH-indole-l-yl)-l,3-dihydro-3,3-dimethyl-l-propyl-spiro [2H-indole-2,3'- 
[3H] naphtho [2,1-b] [1,4] oxazine], 6'-(2,3-dihydro-lH-indole-l-yl)-l,3-dihydro-3,3- 
dimethyl-l-(2-methylpropyl)-spiro [2H-indole-2,3'-[3H]-naphtho [2,1-b] 
[l,4]oxazine] , l,3,3-trimethyl-l-6'-(2,3-dihydro-lH-indole-l-yl)-spiro [2H-indole-2,3'- 
[3H]-naphtho [2,1-b] [1,4] oxazine], l,3,3-trimethyl-6'-(l-piperidinyl)-spiro [2H- 
indole-2,3'-[3H]-naphtho [2, 1-b] [1,4] oxazine], l,3,3-trimethyl-6'-(l-piperidinyl)- 
spiro [2H-indole-2,3'-[3H]-naphtlio[2,l-b] [1,4] oxazine], l,3,3-trimethyl-6'-(l- 
piperidinyl)-6-(trifluoromethyl)-spiro [2H-indole-2,3'-[3H]-naplitho [2,1-b] [1,4] 
oxazine] and 1,3,3,5,6-pentamethyl-spiro [2H-indole-2,3'-[3H]-naphtho [2,1-b] [1,4] 
oxazine] . 

Examples of the naphthopyran compound include 3,3-diphenyl-3H-naphtho 
[2,1-b] pyran, 2,2-diphenyl-2H-naphtho [1,2-b] pyran, 3-(2-fluorophenyl)-3-(4- 
methoxyphenyl)-3H-naphtho [2, 1-b] pyran, 3-(2-methyl-4-methoxyphenyl)-3-(4- 
ethoxyphenyl)-3H-naphtho [2, 1-b] pyran, 3-(2-furil)-3-(2-fluorophenyl)-3H-naphtho 
[2,1-b] pyran, 3-(2-thienyl) -3-(2-fluoro-4-methoxyphenyl)-3H-naphtho [2,1-b] pyran, 
3-{2-(l-methylpyrrolidinyl)}-3-(2-methyl-4-methoxyphenyl)-3H-naphtho [2,1-b] 
pyran, spiro (bicyclo [3.3.1] nonane-9,3'-3H-naphtho [2,1-b] pyran), spiro (bicyclo 
[3.3.1] nonane-9-2'-3H-naphtho [2,1-b] pyran), 4-[4-[6-(4-morpholinyl)-3-phenyl-3H- 
naphtho [2,1-b] pyran-3-yl] phenyl] -morpholine, 4-[3-(4-methoxyphenyl)-3-phenyl- 
3H-naphtho [2, 1-b] pyran-6-yl] -morpholine, 4-[3,3-bis(4-methoxyphenyl)-3H- 
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naphtho [2,1-b] pyran-6-yll-morpholine, 4-[3-phenyl-3-[4-(l-piperidinyl) phenyl]-3H- 
naphtho [2, 1-b] pyran-6-yl]-morpholine and 2,2-diphenyl-2H-naphtho [2,1-b] pyran. 

In order to ensure the life of the synthetic resin laminate of the present 
invention, it is necessary to add various stabilizers. As the stabilizer, light 
stabilizers, such as hindered amines and antioxidants such as hindered phenols are 
added. 

Examples of the hindered amine include bis(2,2,6,6-tetramethyl-4- 
piperidinyl) sebacate, bis(l,2,2,6,6-pentamethyl-4-piperidinyl) sebacate, 
bis(l,2,2,6,6-pentamethyl-4-piperidinyl)-[[3,5-bis(l,l-dimethylethyl)]-[4- 
hydroxyphenyl]methyl]butylmalonate, l-(methyl)-8-(l,2,2,6,6-pentamethyl-4- 
piperidinyD-sebacate, l-[2-(3-(3,5-di-t-butyl-4-hydroxyphenyl) propionyloxy)ethyl] -4- 
[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionyloxy]-2,2,6,6-tetramethylpiperidine, 4- 
benzoyloxy-2,2,6,6-tetramethylpiperidine, triethylene-diamine and 8-acetyl-3- 
dodecyl-7,7,9,9-tetramethyl-l,3,8-triazaspiro[4,5]decane-2,4-dione. As other nickel 
ultraviolet ray stabilizer, [2,2'-thiobis(4-t-octylphenolate)]-n-butylamine nickel, 
nickel complex-3,5-di-t-butyl-4-hydroxybenzyl phsosphoric acid monoethylate and 
nickel dibutyl carbamate also can be used. A tertiary hindered amine compoimd is 
preferable. Particularly, a hindered amine light stabilizer of bis( 1,2, 2,6,6- 
pentamethyl-4-piperidinyl)-sebacate or a condensation product of 1,2,2,6,6- 
pentamethyl-4-piperidinol, tridodecyl alcohol, and 1,2,3,4-butanetetra caboxylic 
acid, is preferable. 
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Examples of the antioxidant include l,l,3-tris(2-methyl-4-hydroxy-5-t- 
butylphenyl) butane, 2,2'-methylenebis (4-ethyl-6-t-butylphenol), tetrakis- 
[methylene-3-(3',5'-di-t-butyl-4'-hydroxyphenyl)propionate]methane, 2,6-di-t-butyl- 
p-cresol, 4,4'-butylidenebis(3-methyl-6-t-butylphenol), l,3,5-tris(3', 5'-di-t-butyl-4'- 
hydroxybenzyl)-S-triazine-2,4,6-(lH, 3H, 5H)trione, stearyl-B-(3,5-di-t-butyl-4- 
hydorxyphenyDpropionate, l,3,5-tris(4-t-butyl-3-hydroxy-2,6-dimethylbenzyl) 
isocyanuric acid, 4,4'-thiobis(3-methyl-6-t-butylphenol) and l,3,5-trimethyl-2,4,6- 
tris (3,5-di-t-butyl-4-hydroxybenzyl) benzene. 

Particularly, a phenol antioxidant of l,l,3-tris(2-methyl-4-hydro¥xy-5-t- 
butylphenyl) butane tetrakis- [methylene-3-(3',5'-di-t-butyl-4'-hydroxyphenyl) 
propionate] methane and l,3,5-tris(3,5-di-t-butyl-4-hyroxybenzyl)-l,3,5-triazine- 
2,4,6-(lH, 3H, 5H)-trione, which contains 3 or more hindered phenols, is preferable. 

The transparent synthetic resin laminate with photochromic property of the 
present invention is produced according to the process below. A photochromic 
organic compound is added in the proportion of 0.2 to 5 % to resin solid matter-in a 
solution of a polyurethane prepolymer diluted with specific organic solvent and an 
additive(s) of hindered amine hght stabilizer and/or antioxidant is (are) added 
thereto in the proportion of 0.1 to 5 % to resin solid matter and uniformly mixed 
with stirring. Then, a curing agent is added thereto in a I/H ratio of isocyanate 
group (I) to hydroxyl group (H) of 0.9 to 20, and preferably 1 to 10, and stirring is 
further performed to form a solution. It is suitable that the polymer concentration 
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in the solution thus obtained is 40 to 90 % by weight. The solution is coated with a 
doctor blade of coating thickness 100 to 1000 fim. on one side of a transparent 
synthetic resin sheet. After the completion of coating, heat drying is performed to 
the state substantially not containing the solvent on the coated surface and another 
transparent synthetic resin sheet is adhered to the coated surface of said synthetic 
resin sheet in a sandwich form. The above-mentioned heat drying is usually 
performed at 20 to 50°C for 5 to 60 minutes. A laminate sheet thus obtained is 
heated to cure the polyurethane prepolymer containing the curing agent, whereby a 
transparent synthetic resin laminate is obtained. The curing conditions of the 
polyurethane prepolymer are usually 60 to 140 °C and 2 hours to 1 week. 

Examples of the solvent include hydrocarbons such as hexane, heptane, 
octane, cyclohexane, toluene, xylene and ethyl benzene, esters such as ethyl acetate, 
methyl acetate, isopropyl acetate, n-propyl acetate, isobutyl acetate, n-butyl acetate, 
isoamyl acetate, methyl propionate and isobutyl propionate, ketones such as 
acetone, methylethyl ketone, diethyl ketone, methylisobutyl ketone, acetyl acetone 
and cyclohexyl ketone, ether esters such as cellosolve aetate, diethylglycol diaetate, 
ethyleneglycol mono n-butylether acetate, propylene glycol and monomethylether 
acetate, tertiary alcohols such as diacetone alcohol and t-amyl alcohol and 
tetrahydofuran. Particularly, ethyl aetate, tetrahydrofuran and toluene are 
preferable. 
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BEST MODE FOR CARRYING OUT THE INVENTION 

The present invention will be described in more detail below, referring to 
Examples, which are not intended to limit the scope of the present invention. 

Examples 1 to 4 

2 % of Photochromic compound 1 or 2 per resin solid matter and 1 to 2 % of 
Additive 1 per resin solid matter were dissolved in a solution of 15 g of a 
polyurethane precursor having a NCO group equivalent weight (equivalent weight 
is the average molecular weight per one functional group) of 1500 obtained by 
reaction of diphenylmethane-4,4'-diisocyanate and polypropylene glycol having an 
average polymerization degree of 15 diluted with 8.3 g of tetrahydrofuran and 
stirred until uniformity was ensured and then 3 g of a curing agent having a 
hydroxyl group equivalent weight of 1050 obtained by reaction of tolylene 
diisocyanate and polypropylene glycol having an average polymerization degree of 
10 was added thereto and further stirred. 

The solution thus obtained was coated with a doctor blade of coating 
thickness 400 ^m, manufactured by Yoshimitsu Seiki K.K., in Japan on a 
polycarbonate film of thickness 700 ^m (trade name lUPILON, manufactured by 
Mitsubishi Gas Chemical Co., Inc.). After the completion of coating, the solvent was 
vaporized at 45 "C for 10 minutes in a hot air dryer and the polycarbonate film was 

adhered to make a sheet form and then heat curing was performed at 70 °C for 2 
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days. Measurements of the transmittance in maximum absorption wave length and 
the light resistance for the synthetic resin laminate thus obtained were performed 
and the thickness of the photochromic layer was measured and its appearance was 
observed. The proportion of each component for the formation of the laminates was 
shown in Table 1. The evaluation results of the laminates were shown in Table 2. 

Photochromic compound 1: 

l,3-dihydro-l,3,3,5,6 (1,3,3,4,5) pentamethyl-spiro[2H-indole-2,3-[3H]- 
naphtho[2,b] [l,4]oxazine] 

Photochromic compound 2: 

3,3-diphenyl-3H-naphtho [2, 1-b] pyran 
Additive 1: 

bis (2,2,6,6-tetramethyl-4-piperidinyl) sebacate 

Each performance was evaluated according to the following methods. 
[Measurement of transmittance] 

A single wave length light of 360 nm was irradiated with an 
ultramonochromatic light source. Transmittance after 5 minutes from the start of 
the irradiation and transmittance with non-irradiation were measured. A 
spectrophotometer, manufactured by Nihon Bunko k.k., Japan, was used in the 
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measurement of transmittance and transmittance in maximum absorption wave 
length was measured. 

[Evaluation of light resistance] 

Contrast prior to exposure and contrast after exposure to a sunshine weather 
meter for 60 hours under the conditions below were measured. In order to compare 
with contrast prior to exposure, contrast retention percentage was calculated to 
evaluate its life- 
CD Setting conditions of sunshine weather meter 

• Irradiance: 255 w/m' (300 to 700 nm) 

• Temperature: room temperature 

• Rainfall was not applied. 

(2) Calculation of contrast retention percentage (%) 

Contrast retention percentage (%) 
=(LVL*,)xlOO/(L*,-L*,) 

• L\ : contrast prior to light resistance test 

(in ultraviolet light non-irradiation) 

• L*2 : contrast prior to Ught resistance test 

(in ultraviolet light irradiation) 

• L*3 : contrast after hght resistance test 
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(in ultraviolet light non-irradiation) 

• L*4 : contrast after light resistance test 

(in ultraviolet light irradiation) 

(3) Evaluation 

Contrast life was evaluated based on the following criterion. 

: contrast retention percentage after light 
resistance test is 70 % or above. 

• : contrast retention percentage after light 

resistance test is below 70 %. 

[Color development speed and color disappearance speed] 

Color development speed (ta) and color disappearance speed (tb) were 
measured as below. 

Tl : transmittance in non-irradiation of 

ultraviolet light 
T2 : transmittance in irradiation of ultraviolet 

light 

ta : a time in which transmittance is changed from 
Tl to (Tl+T2)/2 by irradiation of ultraviolet 
light 

tb : a time in which transmittance is changed from 
T2 to (Tl+T2)/2 by shielding irradiated 
ultraviolet light 
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Both ta and tb were determined by a curve of change of transmittance in 
maximum absorption wave length with the lapse of time. 

Comparative Example 1 

The synthetic resin laminate was obtained in the same experiment as in 
Example 1^ except that the urethane was changed to solvent type one-Hquid, 
Hamatai Y-7122-A, manufactured by Yokohama Gomu k.k., Japan. The proportion 
of each component was shown in Table 1 and the evaluation results were shown in 
Table 2. 

Examples 5 to 12 

1 % of Photochromic compound 3 per resin sohd matter and 0.5 % of 
Photochromic compound 4 per resin solid matter were added to a solution of 15 g of 
a polyurethane precursor diluted with 13.6 g of an organic solvent (toluene 4.6 g, 
methylethyl ketone 1.8 g and ethyl acetate 7.2 g) in the same manner as in Example 
1 and each of the Additives 1 to 4 was further added thereto in the blend proportion 
shown in Table 3 and dissolved and 1.6 g of the same curing agent as in Example 1 
was added thereto and stirred. 

The solution thus obtained was coated with a doctor blade of coating 
thickness 300 ^im, manufactured by Yoshimitsu Seiki k.k., Japan, on a 
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polycarbonate film of thickness 300 ^m (trade name lUPILON, manufactured by 
Mitsubishi Gas Chemical Co., Inc.). After the completion of coating, the solvent was 
vaporized at 45 °C for 10 minutes in a hot air dryer. Another polycarbonate film of 
300 |j.m was adhered thereto to make a sheet form and heat curing was performed 
at 70 °C for 3 days. The same evaluation as in Example 1 was performed for the 
synthetic resin laminate thus obtained. In the evaluation of light resistance, the 
evaluation was performed by changing the apparatus and further increasing 
ultraviolet light radiant intensity. The evaluation results were shown in Table 4. 
Further, when the samples thus prepared were exposed to sun light, they turned 
brown, and when they were put in a dark place, color disappearance occurred. 

Organic Photochromic compound 3 : 

4.[4.[6-(4-morpholynyl)-3-phenyl-3H-naphtho [2,1-b] pyran-3-yl] phenyl]- 
morpholine 

Organic Photochromic compound 4 : 

l,3-dihydro-l,3,3,5,6(l,3,3,4,5)-pentamethyl-spiro(2H-indole-2,3-[3H]- 
naphthol2,b] [l,4]oxazine] 

Additive 1 : the same as in Example 1 

bis (2,2,6, 6— tetramethyl-4-piperidinyl) sebacate 
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Additive 2 : 

bis (1,2,2,6, 6-pentamethyl-4-piperidinyl) sebacate 
Additive 3 : 

bis(l,2,2,6,6-pentamethyl-4-piperidinyl) sebacate 
l-(methyl)-8-(l,2,2,6,6-pentamethyl-4-piperidinyl)-sebacate 

Additive 4 : 

1,1,3-tris (2-methyl-4-hydroxy-5-t-butylphenyl) butane 

The measurement of transmittance and the measurement and evaluation of 
color development speed and color disappearance speed were performed in the same 
manner as in Example 1. 

[Evaluation of light resistance] 

A UV lamp was irradiated for 5 minutes prior to light resistance test and 
after light resistance test and then contrast due to color development and color 
difference were measured and contrast retention percentage and color change 
degree in color disappearance in the light resistance test were calculated. Thus, 
Ught resistance was evaluated. In the light resistance test, an apparatus with a 
xenon lamp as the Ught source (apparatus name SUNTEST CPS+, maker : 

19 



manufactured by ATLAS) was used and an irradiance of 750 W/m' (300 to 800 nm) 
for 20 hours was applied. Further, the UV lamp had a single wave length of 360 nm 
in an ultramonochromatic light source (Nihon Bunko k.k., Japan) 

© Calculation of contrast retention percentage 

It was calculated in the same method as in Example 1. 
® Calculation of color change degree 

color change degree 

• a*i : a* value prior to light resistance test 

(ultraviolet light non-irradiation) 

• a*3 : a* value after light resistance test 

(ultraviolet light non-irradiation) 
. b* ; b* value prior to light resistance test 
(ultraviolet light non-irradiation) 

• b*3 : value after light resistance test 

(ultraviolet light non-irradiation) 

(3) Evaluation 

O: After light resistance test, contrast is 70 % 
or above and color change degree is below 5 %. 

A : After light resistance test, contrast is below 
70 % and color change degree is 5 % or above. 
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INDUSTRIAL APPLICABILITY 

In the formation of a poljmrethane layer on a transparent synthetic resin 
surface, a polyurethane layer could be formed without impairing any photochromic 
performance by using specific two-liquid thermosetting poyurethane and mixing a 
polyurethane prepolymer, a curing agent and various additives including a 
photochromic compound in specific solvent and a transparent synthetic resin 
laminate with photochromism property to provide high availability could be 
produced efficiently by ensuring substantially non-solvent state thereof, adhering 
another transparent synthetic resin^ and then performing heat cure. Further, a 
plastic lens with high photochromic performance and smooth photochromic layer 
could be obtained readily by using the laminate. 
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TRANSPARENT SYNTHETIC RESIN LAMINATE WITH PHOTOCHROMISM 
PROPERTY 

FIELD OF ART 

The present invention relates to a transparent S3mthetic resin laminate with 
photochromism property and, specifically, to a transparent synthetic resin laminate 
with excellent photochromism property exhibiting both a high color development 
speed and a high color disappearance speed. The transparent synthetic laminate 
may be used as an optical lens and is excellent in both control of thickness of a 
photochromic coated film and surface smoothness thereof. 

BACKGROUND OF THE INVENTION 

As conventional optical lenses^ such as photochromic lenses, inorganic lenses 
have generally been used. That io, u Usually[[,]] an inorganic coating layer with 
photochromic property was is added to a surface of a glass or a surface of plastic 
lenses^ such as CR-39. Recently, as a lens itself, the use of plastic lenses with high 
impact resistance havo has spread. Particularly, in United States of America, 
lenses made from a polycarbonate have widely proliferated and demand for a sun 
glasses with impact resistance has rapidly increased because of extensive outdoor 
activities. 



are not successful and are not put into practice because of performance problems 
due to insufficient heat resistance of the photochromic elements during kneading^ 
and [[J] also due to problems in surface coating, and contrast shortage from 
limitation of coated film thickness. 

Thus, in the present situation, there exists no transparent synthetic resin 
laminate with photochromism property as a photochromic lens in which both a color 
development speed and a color disappearance speed are high and surface 
smoothness of a coated film and control of coated film thickness in a photochromic 
layer are excellent. 

DISCLOSURE OF THE INVENTION 

The present invention solves the above-mentioned problems in the prior art. 
An object of the present invention is to provide a transparent synthetic resin 
laminate with photochromism property in which both a color development speed 
and a color disappearance speed are high^ afid contrast in color development is 
maintained for a long time and the surface smoothness of a coated film and the 
control of thickness of a coated film in a photochromic layer are excellent. 

As a result of studies of the above-mentioned problems in the prior art, the 
inventors have invented a transparent synthetic resin laminate in which both a 
color development speed and a color disappearance speed are high and contrast in 
color development is maintained for a long time and the surface smoothness of a 
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Ae^Synthetic resin laminates with photochromism property [ [J] have hitherto 
[[J] been a laminate obtained by adding a photochromic organic compound to a 
silicone surface curing coating agents and then coating it on one side of a substrate^ 
and then performing cure^ and a laminate obtained by adding a photochromic 
organic compound to an urethane coating agents and thon coating it on one side of a 
S3nithetic resin laminate^ and then performing cure, havo boon Icnown (Japanese 
Patent Kokai (Laid-open) No.63-178*193). 

However, in the process for coating a coating agent containing a 
photochromic organic compound on one side of a synthetic resin substrate, it was is 
difficult to obtain a smooth coated film surface and to control a thickness of a coated 
film. Thus, w When a coated film surface is not smooth, it is not practically 
preferable practical or preferred for use since uso of the laminate as a photochromic 
lens causes distortion through the lens. 

Further, Japanese Patent Kokai (Laid-open) No. 61 — 148048 discloses a 
photochromic laminate with a photochromic layer containing a spironaphtho 
oxazine derivative interposed between transparent material layers. Although the 
prior art discloses an example in which one liquid type polyurethane resin is 
contained in a photochromic layer, both a color development speed and a color 
disappearance speed are low, and thus that photochromic laminate is insufficient. 

Moreover, also in photochromic lenses, various processes such as direct 

kneading into a resin and coating on a resin surface have been tried. However, they 
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coated film and the control of thickness of a coated film in a photochromic layer are 
excellent, by interposing a photochromic layer formed by curing a mixture of a two- 
liquid type polyurethane of a polyurethane prepol3mier and a curing agent, and a 
photochromic organic compound. [[.11 Optionally, a light stabilizer and an 
antioxidant between two transparent synthetic resin layers may be used,- ^-fee 
acGomplish tho prosont invontion. 

That is, the present invention provides a transparent s)nithetic resin 
laminate with photochromism property consisting essentially of two transparent 
synthetic resin layers and a photochromic layer formed by curing a mixture of a two 
liquid polyurethane of a polyurethane prepolymer and a curing agents a»d a 
photochromic organic compound^ and further a light stabilizer and an antioxidant 
which io interposed between said two transparent sjnithetic resin layers. 

Further, the present invention provides a process for producing a transparent 
synthetic resin laminate with photochromism property which comprises: 

coating a mixture of a two-liquid polynrethane of a polynrethane prepolymer 
and a curing agent, a photochromic organic compound and a solvent^ and further a 
light stabilizer^ and an antioxidant on one side of a transparent S3nithetic resin 
sheet, 

then, removing substantially all the solvent from the mixture to a state not to 
contain subotantially tho solvont , 
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then, adhering another transparent synthetic resin sheet to the coated side of 
said sjnithetic resin sheet, and 

then, curing the two-Hquid poljoire thane, 

thereby, forming a photochronfiic layer. 

The present invention will be described in detail below. 

The transparent synthetic resin to be used in the present invention is not 
limited as long as it is a resin with high transparency. It is preferable to use a 
polycarbonate resin and a polymethylmethacrylate resin. As the combination of two 
transparent synthetic resins, a polycarbonate resin, a polymethylmethacrylate or 
both thereof is (are) applied to the two transparent S5nithetic resins. A transparent 
synthetic resin with a thickness of 50 to 2000 |Lim is appliod may be used. 
Particularly, wW hen bending into a lens form is performed, it is preferable to use a 
S3nithetic resin sheet with a thickness of 100 to 1000 [am. 

fe-feThe present invention , thoro is provided relates to a photochromic layer 
formed by cure of a two-liquid polyurethane of a poljoirethane prepolymer and a 
curing agent containing a photochromic organic compound, a light stabilizer^ and an 
antioxidant which is intorpoood between two transparent synthetic resin layers. 
Thereby, it becomes possible to produce industrially a transparent synthetic resin 
laminate excellent in both heat resinstance and impact resistance which that 
exhibits a high color development speed and a high color disappearance speed in use 
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as a lens and possesses photochromic performance that is excellent in surface 
smoothness of a coated film in a photochromic layer^ equivalent to conventional 
inorganic types^ and maintains & photochromic characteristics^ such as contrast in 
color development^ for a long period of time. 

Generally, polyurethane includes one-liquid type and two-liquid type. In the 
present invention, it is preferable to uso a two liquid pol3rurothano of a 
pol3airothano propolsnnor and a curing agont from the aspects of color development 
speedy and-color disappearance speedy and solubility of photochromic compound and 
various additives to use a two liquid polyurethane of a polyurethane prepolvmer 
and a curing agent . Actually, a prepol5niier is dissolved in a specific solvent and 
mixed with various additives including a photochromic compound and then a curing 
agent is added thereto. 

As the pol5airethane prepol3aner, a compound obtained by reaction of 
isocyanate and polyol in a specific proportion is used. That is, the polyurethane 
prepolymer is a compound with an isocyanate group on both ends obtained from 
diisocyanate and polyol. As^The diisocyanate compound to be used for the 
poljoire thane prepol3niier[[,]] is preferably diphenylmethane-4,4'-diisocyanate 
(MDI). io proforablo. Further, as the polyol, it is preferable to use polj^ropylene 
glycol (PPG) with a polymerization degree of 5 to 30. 
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The molecular weight of the poljmre thane prepolymer is a number average 
molecular weight of 500 to 5000 and preferably 1500 to 4000 and more preferably 
2000 to 3000, 

On tho other hand, t The curing agent is not limited as long as it is a 
compound with two hydroxyl groups. Examples of the curing agent include 
polyurethane polyol, polyether polyol, polyester polyol, acryl polyol, polybutadiene 
polyol and polycarbonate polyol, among which polyiarethane polyol with a hydroxyl 
group on its end^ obtained from specific isocyanate and specific polyol^ is preferable. 
Particularly, pol5airethane polyol with a hydroxy group on at least both ends 
derived from diisocyante and polyol is preferable and it is preferable to use 
tolylenediisocyanate (TDI) as the diisocyanate. Further, as the polyol, it is 
preferable to use PPG with poljnnerization degree of 5 to 30. 

The molecular weight of the curing agent is a number average molecular 
weight of 500 to 5000 and preferably 1500 to 4000 and more preferably 2000 to 
3000. 

In order to adjust the viscosity of the polyxirethane prepolymer and the 
curing agent, a solvent such as ethyl acetate and tetrahydrofurane may be used. 

In the present invention, the organic compound with photochromic property 

is not limited as long as it has good compatibility with the polyurethane 

prepolymer. Photochromic organic compound obtainable on the market can be used. 

From the aspect of photochromic performance As tho photochromic organic 
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compound, spiropjn-an compounds, spiroxazine compounds^ and naphthopjn-an 
compounds are preferably used as the photochromic organic compound from tho 
aopoct of photochromic performance. 

Examples of the spiropyran compound include l',3',3'-trimethylspiro(2H-l- 
benzopyran-2,2'-indoline), l',3',3'-trimethylspiro-8-nitro(2H-l-benzopyran-2,2'- 
indoline), l',3',3'-trimethyl-6-hydroxyspiro(2H-l-benzopyran-2,2'-indoline), l',3',3'- 
trimethylspiro-8-methoxy(2H-l-benzopyran-2,2'-indoline), 5'-chloro-r,3',3'-trimethyl- 
6-nitrospiro(2H-l-benzopyran-2,2'-indoline), 6,8-dibromo-l',3',3'-trimethylspiro(2H- 
l-benzopyran-2,2'-indoline), 8-ethoxy-l',3',3',4',7'-pentamethylspiro(2H-l- 
benzopyran-2,2'-indoline), 5'-chloro-l',3',3'-trimethylspiro-6,8-dinitro(2H-l- 
benzopyran-2,2'-indoline), 3,3,l-diphenyl-3H-naphtho(2,l-b) pyran, 1,3,3- 
triphenylspiro[indoline-2,3'-(3H)-naphtho(2,l-b)pyran], l-(2,3,4,5,6- 
pentamethylbenzyl)-3,3-dimethylspiro[indoline-2,3'-(3H)-naphtho(2,l-b)pyran], l-(2- 
methoxy-5-nitrobenzyl)-3,3-dimethylspiro[indoline-2,3'-naphtho(2,l-b)pyran], l-(2- 
nitrobenzyl)-3,3-dimethylspiro[indoline-2,3'-naphtho(2,l-b)pyran], l-(2- 
naphthylmethyl)-3,3-dimethylspiro[indoline-2,3'-naphtho(2,l-b)pyran] and 1,3,3- 
trimethyl-6'-nitro-spiro [2H-l-benzopyran-2,2'- [2H]-indole] . 

Examples of the spiroxazine compound include 1,3,3-trimethylspiro [indolino- 
2,3'-[3H] naphtho [2,1-b] [1,4] oxazine], 5-methoxy-l,3,3-trimethylspiro [indolino- 
2,3'-[3H] naphtho [2,1-b] [1,4] oxazine], 5-chloro- 1,3,3-trimethylspiro [indolino-2,3'- 
[3H] naphtho [2,1-b] [1,4] oxazine], 4,7-diethoxy-l,3,3-trimethylspiro [indolino-2,3'- 
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[3H] naphtho [2,1-b] [1,4] oxazine], 5-chloro-l-butyl-3,3-dimethylspiro [indolino-2,3'- 
[3H] naphtho [2,1-b] [1,4] oxazine], l,3,3,5-tetramethyl-9'-ethoxyspiro [indolino-2,3'- 
[3H] naphtho [2,1-b] [1,4] oxazine], l-benzyl-3,3-dimethylspiro [indoline-2,3'-[3H] 
naphtho [2,1-b] [1,4] oxazine], l-(4-methoxybenzyl)-3,3-dimethylspiro [indoline-2,3'- 
[3H] naphtho [2,1-b] [1,4] oxazine], l-(2-niethylbenzyl)-3,3-dimethylspiro [indoline- 
2,3'-[3H] naphtho [2,1-b] [1,4] oxazine], l-(3,5-dimethylbenzyl)-3,3-dimethylspiro 
[indoline-2,3'-[3H] naphtho [2,1-b] [1,4] oxazine], 1- (4-chlorobenzyl)-3,3- 
dimethylspiro [indoUne-2,3'-[3H] naphtho [2,1-b] [1,4] oxazine], l-(4-broniobenzyl)- 
3,3-dimethylspiro [indoline-2,3'-[3H] naphtho [2,1-b] [1,4] oxazine], l-(2- 
fluorobenzyl)-3,3-dimethylspiro [indoline-2,3'-[3H] naphtho [2,1-b] [1,4] oxazine], 
l,3,5,6-tetramethyl-3-ethylspiro [indoline-2,3'-[3H] pyrido [3,2-f| [l,4]-benzoxazine], 
1,3,3,5,6-pentamethylspiro [indoline-2,3'-[3H] pyrido [3,2-f| [l,4]-benzoxazine], 6'- 
(2,3-dihydro-lH-indole-l-yl)-l,3-dihydro-3,3-dimethyl-l-propyl-spiro [2H-indole-2,3'- 
[3H] naphtho [2,1-b] [1,4] oxazine], 6'-(2,3-dihydro-lH-indole-l-yl)-l,3-dihydro-3,3- 
dimethyl-l-(2-methylpropyl)-spiro [2H-indole-2,3'- [3H]-naphtho [2, 1-b] 
[l,4]oxazine] , l,3,3-triniethyl-l-6'-(2,3-dihydro-lH-indole-l-yl)-spiro [2H-indole-2,3'- 
[3H]-naphtho [2,1-b] [1,4] oxazine], l,3,3-trimethyl-6'-(l-piperidinyl)-spiro [2H- 
indole-2,3'-[3H] -naphtho [2, 1-b] [1,4] oxazine], l,3,3-trimethyl-6'-(l-piperidinyl)- 
spiro [2H-indole-2,3'-[3H]-naphtho[2,l-b] [1,4] oxazine], l,3,3-trimethyl-6'-(l- 
piperidinyl)-6-(trifluoromethyl)-spiro [2H-indole-2,3'-[3H] -naphtho [2,1-b] [1,4] 
oxazine] and 1,3,3,5,6-pentamethyl-spiro [2H-indole-2,3'-[3H]-naphtho [2,1-b] [1,4] 
oxazine] . 
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Examples of the naphthopjn-an compound include 3,3-diphenyl-3H-naphtho 
[2,1-b] pyran, 2,2-diphenyl-2H-naphtho [1,2-b] pyran, 3-(2-fluorophenyl)-3-(4- 
methoxyphenyl)-3H-naphtho [2, 1-b] pyran, 3-(2-methyl-4-methoxyphenyl)-3-(4- 
ethoxyphenyl)-3H-naphtho [2, 1-b] pyran, 3-(2-furil)-3-(2-fluorophenyl)-3H-naphtho 
[2,1-b] pyran, 3-(2-thienyl) -3-(2-fluoro-4-methoxyphenyl)-3H-naphtho [2,1-b] pyran, 
3-{2-( l-methylpyrrolidinyl)}-3-(2-methyl-4-methoxyphenyl)-3H-naphtho [2, 1-b] 
pyran, spiro (bicyclo [3.3.1] nonane-9,3'-3H-naphtho [2,1-b] pyran), spiro (bicyclo 
[3.3.1] nonane-9-2'-3H-naphtho [2,1-b] pyran), 4-[4-[6-(4-morpholinyl)-3-phenyl-3H- 
naphtho [2,1-b] pyran-3-yl] phenyl] -morpholine, 4-[3-(4-methoxyphenyl)-3-phenyl- 
3H-naphtho [2, 1-b] pyran-6-yl] -morpholine, 4-[3,3-bis(4-methoxyphenyl)-3H- 
naphtho [2,1-b] pyran-6-yl] -morpholine, 4-[3-phenyl-3-[4-(l-piperidinyl) phenyl]-3H- 
naphtho [2, 1-b] pyran-6-yl] -morpholine and 2,2-diphenyl-2H-naphtho [2,1-b] pyran. 

In order to ensure the life of the synthetic resin laminate of the present 
invention, it is necessary to add various stabilizers. As the stabilizer, light 
stabilizers^ such as hindered amines and antioxidants such as hindered phenols are 
added. 

Examples of tiie hindered amine include bis(2,2,6,6-tetramethyl-4- 
piperidinyl) sebacate, bis(l,2,2,6,6-pentamethyl-4-piperidinyl) sebacate, 
bis(l,2,2,6,6-pentamethyl-4-piperidinyl)-[[3,5-bis(l,l-dimethylethyl)]-[4- 
hydroxyphenyl] methyl] butyl malonate, l-(methyl)-8-(l,2,2,6,6-pentamethyl-4- 
piperidinyD-sebacate, l-[2-(3-(3,5-di-t-butyl-4-hydroxyphenyl) propionyloxy)ethyl]-4- 
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[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionyloxy]-2,2,6,6-tetramethy 4- 
benzoyloxy-2,2,6,6-tetramethylpiperidine, triethylene-diamine and 8-acetyl-3- 
dodecyl-7,7,9,9-tetramethyl-l,3,8-triazaspiro[4,5]decane-2,4-dione. As other nickel 
ultraviolet ray stabilizer, [2,2'-thiobis(4-t-octylphenolate)]-n-butylaniine nickel, 
nickel complex-3,5-di-t-butyl-4-hydroxybenzyl phsosphoric acid monoethylate and 
nickel dibutyl carbamate also can be used. A tertiary hindered amine compound is 
preferable. Particularly, as a hindered amine light stabilizer of[[,]] bis(l,2,2,6,6- 
pentamethyl-4-piperidinyl)-sebacate or a condensation product of 1,2,2,6,6- 
pentamethyl-4-piperidinol, tridodecyl alcohol^^ and 1,2,3,4-butanetetra caboxylic 
acid^ as tortiary hindcrod amino compound is preferable. 

Examples of the antioxidant include l,l,3-tris(2-methyl-4-hydroxy-5-t- 
butylphenyl) butane, 2,2'-methylenebis (4-ethyl-6-t-butylphenol), tetrakis- 
[methylene-3-(3',5'-di-t-butyl-4'-hydroxyphenyl) propionate] methane, 2,6-di-t-butyl- 
p-cresol, 4,4'-butylidenebis(3-methyl-6-t-butylphenol), l,3,5-tris(3', 5'-di-t-butyl-4'- 
hydroxybenzyl)-S-triazine-2,4,6-(lH, 3H, 5H)trione, stearyl-13-(3,5-di-t-butyl-4- 
hydorxyphenyDpropionate, l,3,5-tris(4-t-butyl-3-hydroxy-2,6-dimethylbenzyl) 
isocyanuric acid, 4,4'-thiobis(3-methyl-6-t-butylphenol) and l,3,5-trimethyl-2,4,6- 
tris (3,5-di-t-butyl-4-hydroxybenzyl) benzene. 

Particularly, as a phenol antioxidant [[,]] of l,l,3-tris(2-methyl-4-hydro?xy-5- 
t-butylphenyl) butane tetrakis- [methylene-3-(3',5'-di-t-butyl-4'-hydroxyphenyl) 
propionate] methane and l,3,5-tris(3,5-di-t-butyl-4-hyroxybenzyl)-l,3,5-triazine- 
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2,4,6-(lH, 3H, 5H)-trione^ which contains 3 or more abovo of hindered phenol s, is 
circ preferable. 

The transparent synthetic resin laminate with photochromic property of the 
present invention is produced according to the belew-process below. A photochromic 
organic compound is added in the proportion of 0.2 to 5 % to resin solid matter-te in 
a solution of a poljoirethane prepolymer diluted with specific organic solvent and an 
additive(s) of hindered amine light stabilizer and/or antioxidant is (are) further 
added thereto in the proportion of 0.1 to 5 % to resin solid matter and uniformly 
mixed with stirring. Then, a curing agent is further added thereto in a I/H ratio of 
isocyanate group (I) to hydroxyl group (H) of the curing agent of 0.9 to 20^ and 
preferably 1 to 10^ qg a standard and stirring is further performed to form a 
solution. It is suitable that the poljmater concentration in the solution thus obtained 
is usually 40 to 90 % by weight. The solution is coated with a doctor blade of 
coating thickness 100 to 1000 fim on one side of a transparent S3nithetic resin sheet. 
After the completion of coating, heat drjdng is performed to the state substantially 
not containing the solvent on the coated surface and another transparent synthetic 
resin sheet is adhered to the coated surface of said synthetic resin sheet in a 
sandwich form. The above-mentioned heat drying is usually performed at 20 to 
50°C for 5 to 60 minutes. A laminate sheet thus obtained is heated to cure the 
polynrethane prepoljnner containing the curing agent, whereby a transparent 
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synthetic resin laminate is obtained. The curing conditions of the pol5airethane 
prepolymer are usually 60 to 140 °C and 2 hours to 1 week. 

Examples of the solvent include hydrocarbons such as hexane, heptane, 
octane, cyclohexane, toluene, xylene and ethyl benzene, esters such as ethyl acetate, 
methyl acetate, isopropyl acetate, n-propyl acetate, isobutyl acetate, n-butyl acetate, 
isoamyl acetate, methyl propionate and isobutyl propionate, ketones such as 
acetone, methylethyl ketone, diethyl ketone, methylisobutyl ketone, acetyl acetone 
and cyclohexyl ketone, ether esters such as cellosolve aetate, diethylglycol diaetate, 
ethyleneglycol mono n-butylether acetate, propylene glycol and monomethylether 
acetate, tertiary alcohols such as diacetone alcohol and t-amyl alcohol and 
tetrahydofuran. Particularly, ethyl aetate, tetrahydrofuran and toluene are 
preferable. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The present invention will be described in more detail below, referring to 
Examples, which are not intended to limit the scope of the present invention. 

Examples 1 to 4 

2 % of Photochromic compound 1 or 2 per te resin solid matter and 1 to 2 % of 
Additive 1 2§I ^ resin solid matter were dissolved in a solution of 15 g of a 
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polyurethane precursor having a NCO group equivalent weight (equivalent weight 
is the [[:]] average molecular weight per one functional group) of 1500 obtained by 
reaction of diphenylmethane-4,4'-diisocyanate and poljrpropylene glycol having an 
average pol5?Tnerization degree of 15 diluted with 8.3 g of tetrahydrofuran and 
stirred until uniformity was ensured and then 3 g of a curing agent having a 
hydroxyl group equivalent weight of 1050 obtained by reaction of tolylene 
diisocyanate and polypropylene glycol having an average polymerization degree of 
10 was added thereto and further stirred. 

The solution thus obtained was coated with a doctor blade of coating 
thickness 400 |am, manufactured by Yoshimitsu Seiki K.K., m Japan on a 
polycarbonate film of thickness 700 iiim (trade name lUPILON, manufactured by 
Mitsubishi Gas Chemical Co,, Inc.). After the completion of coating, the solvent was 
vaporized at 45 °C for 10 minutes in a hot air dryer and the polycarbonate film was 
adhered to make a sheet form and then heat curing was performed at 70 ^'C for 2 
days. The ^Measurements of the transmittance in maximum absorption wave 
length and tho evaluation of the light resistance for the synthetic resin laminate 
thus obtained were performed and the thickness of the photochromic layer was 
measured and its appearance was observed. The proportion of each component for 
the formation of the laminates was shown in Table 1. The evaluation results of the 
laminated laminates were shown in Table 2. 
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Photochromic compound 1: 

l,3-dihydro-l,3,3,5,6 (1,3,3,4,5) pentaniethyl-spiro[2H-indole-2,3-[3H]- 
naphtho[2,b] [l,4]oxazine] 

Photochromic compound 2: 

3,3-diphenyl-3H-naphtho [2, 1-b] pyran 
Additive 1: 

bis (2,2,6,6-tetramethyl-4-piperidinyl) sebacate 

Each performance was evaluated according to the following methods. 

[Measurement of transmittance] 

A single wave length light of 360 nm was irradiated with an 
ultramonochromatic light source^-and-4Transmittance after 5 minutes from the 
starting of the irradiation and transmittance with 4n-non-irradiation were 
measured. A spectrophotometer, manufactured by Nihon Bunko k.k., in Japan^ was 
used in the measurement of transmittance and transmittance in maximum 
absorption wave length was measured. 

[Evaluation of light resistance] 

Contrast prior to exposure and contrast after exposure for 60 hours to a 
sunshine weather meter for 60 hours under bolow the conditions below were 
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measured. In order to compare with contrast prior to exposure, contrast retention 
percentage was calculated to evaluate its life. 

(1) Setting conditions of sunshine weather meter 

• Irradiance: 255 w/m2 (300 to 700 nm) 

• Temperature: room temperature 

• Rainfall was not applied. 

(2) Calculation of contrast retention percentage (%) 

Contrast retention percentage (%) 
=(L*3-L*4) X 100/(L*i-L*2) 

• L*i : contrast prior to light resistance test 

(in ultraviolet light non-irradiation) 

• L*2 : contrast prior to light resistance test 

(in ultraviolet light irradiation) 

• L*3 : contrast after light resistance test 

(in ultraviolet light non-irradiation) 

• L*4 : contrast after light resistance test 

(in ultraviolet light irradiation) 

(3) Evaluation 

Contrast life was evaluated based on the following criterion. 

o : contrast retention percentage after light 
resistance test is 70 % or above. 
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A : contrast retention percentage after light 
resistance test is below 70 %. 

[Color development speed and color disappearance speed] 

Color development speed (ta) and color disappearance speed (tb) were 
measured as below. 

Tl : transmittance in non-irradiation of 

ultraviolet light 
T2 : transmittance in irradiation of ultraviolet 

light 

ta : a time in which transmittance is changed from 
Tl to (Tl+T2)/2 by irradiation of ultraviolet 
light 

tb : a time in which transmittance is changed from 
T2 to (Tl+T2)/2 by shielding irradiated 
ultraviolet light 

Both ta and tb were determined by a curve of change of transmittance in 
maximum absorption wave length with the lapse of time. 

Comparative Example 1 

The synthetic resin* laminate was obtained in the same experiment as in 
Example 1^ except that the urethane was changed to solvent type one-liquid, 
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Hamatai Y-7122-A, manufactured by Yokohama Gromu k.k., ia Japan. The 
proportion of each component was shown in Table 1 and the evaluation results were 
shown in Table 2. 

Examples 5 to 12 

1 % of Photochromic compound 3 per te resin solid matter[[J] and 0.5 % of 
Photochromic compound 4 per te resin solid matter were added to a solution of 15 g 
of a polyurethane precursor diluted with 13.6 g of an organic solvent (toluene 4.6 g, 
methylethyl ketone 1.8 g and ethyl acetate 7.2 g) in the same manner as in Example 
1 and each of the Additives 1 to 4 was further added thereto in the blend proportion 
shown in Table 3 and dissolved and 1.6 g of the same curing agent as in Example 1 
was added thereto and stirred. 

The solution thus obtained was coated with a doctor blade of coating 

thickness 300 jim, manufactured by Yoshimitsu Seiki k.k., m Japan^ on a 

polycarbonate film of thickness 300 |im (trade name lUPILON, manufactured by 

Mitsubishi Gas Chemical Co., Inc.). After the completion of coating, the solvent was 

vaporized at 45 °C for 10 minutes in a hot air dryer. Another polycarbonate film of 

300 |Lim was adhered thereto to make a sheet form and heat curing was performed 

at 70 °C for 3 days. The same evaluation as in Example 1 was performed for the 

synthetic resin laminate thus obtained. In the evaluation of light resistance, the 

evaluation was performed by changing the apparatus and further increasing 
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ultraviolet light radiant intensity. The evaluation results were shown in Table 4. 
Further, when the samples thus prepared were exposed to sun light, they prcGontod 
turned brown^ and when they were put in a dark place, color disappearance 
occurred. 

Organic Photochromic compound 3 : 

4-[4-[6-(4-morpholynyl)-3-phenyl-3H-naphtho [2,1-b] pyran-3-yl] phenyl] - 
morpholine 

Organic Photochromic compound 4 : 

l,3-dihydro-l,3,3,5,6(l,3,3,4,5)-pentamethyl-spiro(2H-indole-2,3-[3H]- 
naphtho[2,b] [l,4]oxazine] 

Additive 1 : the same as in Example 1 

bis (2,2,6, 6 — tetramethyl-4-piperidinyl) sebacate 
Additive 2 : 

bis (1,2,2,6, 6-pentamethyl-4-piperidinyl) sebacate 
Additive 3 : 

bis(l,2,2,6,6-pentamethyl-4-piperidinyl) sebacate 

l-(methyl)-8-(l,2,2,6,6-pentamethyl-4-piperidinyl)-sebacate 
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Additive 4 : 

1,1,3-tris (2-methyl-4-hydroxy-5-t-butylphenyl) butane 

The -[measurement of transmittancej and the measurement and evaluation of 
-[color development speed and color disappearance speed} was were performed in the 
same manner as in Example 1. 

[Evaluation of light resistance] 

As the evaluation, a A UV lamp was irradiated for 5 minutes prior to light 
resistance test and after light resistance test and then contrast due to color 
development and color difference were measured and contrast retention percentage 
and color change degree in color disappearance in the light resistance test were 
calculated. Thus, light resistance was evaluated. In the light resistance test, an 
apparatus with a xenon lamp as the light source (apparatus name SUNTEST CPS+, 
maker : manufactured by ATLAS) was used and an irradiance of 750 W/m2 (300 to 
800 nm) for 20 hours was applied. Further, the UV lamp had a single wave length 
of 360 nm in an ultramonochromatic light source (Nihon Bunko k.k., in Japan) 

© Calculation of contrast retention percentage 

It was calculated in the same method as in Example 1. 

® Calculation of color change degree 
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color change degree 
=[(L*i-L*3)2+(a*i-a*3)Wi-b*3)2]i/2 



. . value prior to light resistance test 
(ultraviolet light non-irradiation) 

• a*3 : a* value after light resistance test 

(ultraviolet light non-irradiation) 

• b**"! : b"*" value prior to light resistance test 

(ultraviolet light non-irradiation) 

• b*3 : b* value after light resistance test 

(ultraviolet light non-irradiation) 

(D Evaluation 

O: After light resistance test, contrast is 70 % 
or above and color change degree is below 5 %. 

A : After light resistance test, contrast is below 
70 % and color change degree is 5 % or above. 
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INDUSTRIAL APPLICABILITY 

In the formation of a polynrethane layer on a transparent synthetic resin 
surface, a polyurethane layer could be formed without impairing any photochromic 
performance by using specific two-liquid thermosetting poyurethane and mixing a 
polyurethane prepolymer, a curing agent and various additives including a 
photochromic compound in specific solvent and a transparent sjnithetic resin 
laminate with photochromism property to provide high availability could be 
produced efficiently by ensuring substantially non-solvent state thereof^ and thon 
adhering another transparent synthetic resin^ and then performing heat cure. 
Further, a plastic lens with high photochromic performance and smooth 
photochromic layer could be obtained readily by using the laminate. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant : Chiharu NISHIZAWA, et al. 

Serial No. : 09/980,010 

Filed : November 30, 2001 

For : TRANSPARENT SYNTHETIC RESIN LAMINATE 

WITH PHOTOCHROMISM PROPERTY 
Art Unit : 1711 

DECLARATION 

Honorable Commissioner of 

Patent & Trademarks 
Washington, D.C. 20231 

I, Kenji KOUNO, Japanese citizen, residing at c/o 
Mitsubishi Gas Chemical Company Inc., Corporate Research 
Laboratory, 22 Wadai, Tsukuba-shi, Ibaraki-ken 300 4247 Japan, 
Declare • 

That I am an inventor of the above application, and 
familiar with the invention and prosecution history of said 
application ; 

I performed comparative experiments in order to 
demonstrate that it is far more difficult to form a lens by 
bending the transparent synthetic resin laminate used the 
curing agent (tri • me thylol propane) disclosed in Ormsby et al 
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(USP No. 4,889,413) than in the case used the transparent 
synthetic resin laminate of the present invention. 



Experiment 
Example 1. 

Ten discs of 75 mm 0 were prepared from the 
transparent synthetic resin laminate obtained in Example 1 by 
drawing. The ten discs thus obtained were dried at 65°C for 24 
hours in a hot wind drier. 

These discs were heat bended using a mold with a 
curve surface (R = 65.38mm) and press molded at a mold 
temperature of 138°C for 3 seconds. 

Thus, ten lenses were normally formed without 
causing leakage of the photochromic layer from each discs. 

Comparative Example 6 

The same experiment as in Example 1 of the present 
invention was performed except that 3g of tri-methylol propane 
was used instead of 3g of the curing agent of Example 1. 

Then, ten discs thus obtained were heat bended and 
press molded in the same manner as in Example 1. 

In seven discs among the ten discs, leakage of the 
photochromic layer from each discs occurred due to peeling off of 
the photochromic layer from the polycarbonate films as outer 
layers, so that lenses could not be formed. 
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Conclusion 

It was far more difficult to form a lens by bending the 
transparent synthetic resin laminate used the curing agent 
(tri-methylol propane ) disclosed in Ormsby et al than in the case 
of used the transparent synthetic resin laminate of the present 
invention . 
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The undersigned declarant declares further that all 



statements made herein of his own knowledge are true and that 
all statements made on information and belief are believed to be 
true; and further that these statements were made with the 
knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under section 1001 
of Title 18 of the United States Code and that such willful false 
statements may jeopardize the validity of the application or any 
patent issuing thereon. 



Signed this dav of 




2003 




Kenji KOUNO 
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Chemical Survey (quarterly publication), Ncr vifef "Chemistry of 
^^^^ Organic Photochromism", edited by the Chemical Society of Japan, 
published on May 30, 1996 by the Society Publication Center. 

(Page 51, lines 13 to 17) 



UV 
A ^ B 
Vis 

colorless form colored form 



As described in the above formula, photochsomism is defined as "the 
phenomena that a single chemical species reversibly isomerizes between 
two states different in absorption spectrum to each other without 
changing its molecular weight by action of a light. 

Organic photochromic compounds focusing attention as an optical 
information memory element used a laser beam repeat color development- 
color disappearance by changing a wave length of a light for irradiation. 

(Page 53; paragraph 1. 2, lines 7 to 9) 

The life of the colored species is short in a dark place at a room 
temperature and its half value period (t 1/2 ,min) is 1/2 or below 
irrelevantly to species of N site substituted group. 

A portion of data thereof was shown in Figure 3. 

(Page 55, Figure 3) 
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•^m\.^f::\^%mm-¥M^mm:%^m^, -^m. \- ^ ^^y^ photovoltaic ^ 
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a) MeOCH2Cl/AlCl3, b) CH2=C(Me)COOAg. c) MesNCSCl/l, Wiazabicyclo 
[2, 2. 2] octane, d) refluxed in toluene, e) equimolar 0.7M NaOH at 20X then 
iM HCl, f) l-aIkyI-3,3-dimethyl-2-methyleneindoline. 
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Ri=H, CH2OCOC (Me) =CH2 

CH20CO(CH2)2oCH3 
R2=Me,»-Pr,Ci8H37 
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^;&Lyt"\ ^h.e?X^^fB®:^©^||^® 9 © ORTEP K^ci^L^. nbhfzy * b ^ p 
T-v^^ft, ^-iiKiSL (s-trans, s-trans) MMit-C'^ t), DMSO M4'"e(D:^jg (s- 
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trans, s-cis) timbi^Kmo^&i^mM^ k 'oX\.^fz. 

m^^mmhX^-i)^m=-^-^ts:mimmm^^LX\.^:bZki'^hi!}-^fz^''. 




^hbm^^^^Bit, ^ ^ y -^^Kmm-f^kWhKmmB^m amax, 673 nm) • 

(s-trans, s-ds) S^igo^feailr^fi^ Lfc. 

1.5 xifn^>v*^;J-tfv>^JilO UV JBtttJry^^Kf sigJSrH"' 

;^ fc.° P y tr 7 V 1 o UV & J; ^^i" zwitterionic MM^Uit, ^^'^Xit 

mm^^'^^x^^muK^'\'yxM-h\^m^-r^. lh^u Ko^^^vmm (g^^fe) K-mu 

X UV (365 nm) ^mMLM^^ kif v y^^^p^imKm^^^ai'^'^.^KmiH-t^. £Oi^fa%Bt 
T-e^&^^f-^)^ § * 5 i E -fe K^B^K^^ U (s-trans, s-as)-zwitterion S^fe^^ 

tfc, ^om^^^a^ -50'C t'T-fe h v-rfg imm-^'i, -40°C KX NMR ^JRiJ^Ltci 
*JV ^■C ti;^ tr p M(A) i H^® (B) Kmm-^h^ -> ^-r > MPJ$ ti, b o 
S^fid^ibA : Btt 1:1 tr^ofc. LdvU iiolgm^t -40''C ^is\-X%mm.\t\.l'm 
mk^^\-X\tZ:\ (A:B) o¥ ^ jl ^ L iTc. <!:d»e>^5^L^cSfe^fB«, 
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0 12 ;^ f p -o- y ^ ^ f 7 V 1 p, oS^fa^^. 



8' Eic^ iJf y p^->^f^/i.^^%-tS^ ti'p^v/^p^fc-T V iti, MMA tfc^i^^^u- 
V i o 7 i> :* i ?) tr p V '/^ ^ e 7 vt^m (0. 5-32%) cDM;^£ o 7 b p 

^ y ii'.-H D -r- 2(Mw : 4-10x10*) ^UmX<-^^Z. ttz, PhMgBr ^MthMt-f^ Ic ii 

Me Me Me Me 




1 2 

a, R=Me a, R=Me 

b, R=CHMeJ b, R=CHMe2 

C, R=Cl8H87 c, R=Cl8HS7 

d, R=Ci8Hs7, isotactic 
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MMA O 7 - >}- v^M-B^C X *) T-i y if ^'^y ■->■- (2d, ;^ f p t.° 7 v^^Mi 5. 4%, 



Me Me 




O OMe 

light yellow 



365 nm 



>510nm 
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Me Me 




NO2 



Me ^ 0 ^ OMe 
XM^iXMeVl 



green 



nbhfz^M^'i'^ y -^-t*, M*, ^^^mM (SeSnm) ^cj: 91I^&?ft«feJc«feU ^ 
lr^Lfc¥M-e^^^-3Sfe-t-2). ^hh(D^i^miz^-^ Umax) tt, NiS-SmSofi^^ 

0.3mm), ^hbK^^^-^WM (.^eSnm) •f:^t^M^y 4 ^^J-itU^K^m^y^M^U ^ 
O^S^-^mt GaAs 900 nm H^tX'Mi-^. 

)V^)\^Oir 9 ^v'-y)^^ (2c) 1^^A-t2)<l: 

J -\-cVc^xm 320 :5'^J;l±JiJnL 
— T -f y i5f ^ ^ y PMMA ^(7) 
(2d) ti, ^ixb^^-r^i'^oKlRl 

7 ^ /i^A^t, -Br^^fe (>510nm) m*ftfcfi 
JniS . (>80°C) J; 5 ^^t- \zM fe-t . 

K (500 W mm.if.mi') f:iJ:^«fe-?^fe 
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700 900 
Wavelength/nm 

El 14 7 p 5^r^.-^"y lc, .^^7> 
/UA (Ic, 4.2%) ^^^c^dl^T^O^femS^^l:^i^^>^i:^^<Bt^T^-*?v^-t%i^>^^c 
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^max/nm 

Polymers^^ [ — 

Acetone (ri/2/min) Filmed (Fixation/ %)<i^ 



2a 


659 


(0.39) 


671 


(35) 


2b 


652 


(0.98) 


677 


(29) 


2c 


655 


(0.86) 


665 


(79) 


2d«^ 


655 


(0.83) 


659 


(38) 


2e« 




(-) 


715 


(11) 


composite Ics^ 






680 


(14) 


a) SP content, in a range 


of 2.2-5.6mol% 


(elementary 


analysis) ; Mw of 


copolymer, 4.9-8.5x10* (by 


GPC, 


polystyrene standard). 


b) Half life of 



metastable colorless form in acetone at 25*'C, c) Film thickness was deter- 
mined as '^300 mm by analyzing an interference fringe in IR spectrum, 
d) Fixation rates of the metastable colored form were obtained by the fol- 
lowing equation : [(Aiz— A,)/(Aq^ A.)] XlOO, where A, is absorbance at the 
initial state before UV light irradiation, while Ao and An represent afisor- 
bances at f=Oh and 12 h, respectively, at 26*'C after irradiating with UV 
light, e) Tacticity of 92% (mmmm) was determined by ^H-NMR^^. f) SP- 
styrene copolymer, prepared by radical polymerization, g) Cast film of 
PMMA composite doped with Ic in 4,2%. 

fz. HI 15 Kit 2c (DmM^Mm^^OlUk-f^ y Vkm'Lfz. b. 
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AG*=24.3kcal mol' 
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2.1 xeP-bU:^*/U /-c>v*ev>C5^^ 




Y=0,S 

Ri=CH=CH2, CH20COC(Me)=CH2 

CH2OCOC21H43 
R2=Me,i-Pr, CisHs? 
Rs=H,Me,OMe 

0 18 

Xi)i\^m^<nhh. NMR, IR, Mass :^^i*(D;^^^ ^/^^^^FffciC^x*^l^^cJ; ??|WI^§^ 



OH 
NO:. 



OH 



C1CH.0CH. ^ "^"'ySr^^Q l.PPh. 

2.HCH0 



AlCb 



NO2, 



OH 

CHa=CH,X,CHO 

N02 
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fci>-C*~W^fe (;max=550~600mn) KM^U 0 21 (D^Kt tibtzX ^K::hh<D^^i' 
h b(Dmit, -SJU^ (>510 nm) i t) ilt^fctife L, t ti^&kmTKis\.-X^.^ 

K% to^^^m^KM^htz. i (Dm^m(o^'^Mmmmm\^<Dmm-k:k^ < dmso 



N02 




Wavelength/nm Wavelength/nm 

3 O^fefflO^sitt, Ri d^^ jSf y p^^'^^/J ^/I'^-e^^^-^, ^S-e^i^S* 100% zwitterion 
^jg^io-CJj?), Rid>ilg^oJ#-&;^trpa<!:li^^3i zwitterion Mo -5 ■fc 
3$).. 3fiffiKfc7;j. h.i^P ^ y i5^#&1r^L, DMSO mm^, P-T ^- Kt-O^fe-Mfeo^ 
^mUi 3000 ® 22 i^^<Dmn Ri= b- = /t.oW-^V^-Cg^Lfc. 

f£<, 300 I5Ifa<5:©^e.-t^feOi^'f ;5'^u-e^^-t2).^®t/«, NMR, Mass ^^rJ;f)--P 
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a:Ri.R2=H 
b:Ri=H,R2=CH3 
c:Ri=H,R2=OCH3 
d:Ri,R2=OCH3 







In CHCls 






In DMSO 




^xnax 


ex 10-* 




^max 


fiXlO-* 




nm 




min 


nm 


M-icm-i 


min 


3a 


578 


5.0 


2.0 


547 


4.3 


4.0 


3b 


580 


4.9 


1.9 


550 


4.1 


4.8 


3c 


586 


4.6 


2.5 


557 


3.8 


4.3 


3d 


583 


5.5 


2.6 


555 


4.7 


5.6 



a) Half life of the metastable colorless spiro-form of 3 at 25*'C. 
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NO2 

C3I-CH2 cjjj. 

R=H,CH3,OCH3 in DMSO 

V ■■Ill ■11— MM—^M^^^—— — — — 



R=H (/lmax=562nm) R=CH3 Wmax=565nm) R=0CH3 Umax=570nm) 




Repetition number Repetition number Repetition number 
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fit Omaz) «e^^R©ffili^cj^ff$ix-f 630nm — -<y-if v-^g^^^^/i. 

If^-f . m 23 o^^c t i i 5 M:^;^tiR*^^riSM^& 630 nm 




light yellow deep green 

4.. 

in benzene, EtO Ac acetone MeOH.EtOH 

CH2CI2 

K~l K»l 
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MeOH 
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2.3 se-xepev>fej:uf se-7.b^a-)-7 h7i-:if-ij-i^>m<om^mm>&mm 
NOES, ''c, 2^A7cm) mmi^ir)^fii^, -^hKm^-m^mm'Dmm^m^mmm^n'^ 

iiJJctU^'^O iH-NMR ^cio\,^-C Nfe-^^/i^^O^r 5 hfit^e,: 2ppm iimmm-^ 

y VLNmw cationic i i, $ ibrli^i[ii&isH-?> Ca=Q fHo y£'y^,v-B. * >^ 7' 

^t'^^^'Rz t tram-mM^^^\^X\^:^^tts:Er^ht^^fz. tfz, NMR NOE 

m) ,M zwitterion ^iifab <i: L/c. 
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—1], 3 0^t:p#}cis^t?) N-Me fi, ^H-NMR ^^is\.^X 2~3ppm K^y ^ -yt::-^ 

tfcliSM zwitterion S-eft 4~5ppm fc3SSrfj:->i^:h/i.:|r-^;i5iid»b, ^ 
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CH20COC(Me)=CH2 
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2>. •ftai^'h, 4 0'<v-ify-J8 ^Jjgft^fet'^f), N-Me ^c^il^ti?, 2.69ppm 

jt?^}t2^^fer»feLtio!?, veo NMR N-Me 3. 17 ppm ^c^H 3 IffiHi^rM-a-f 
Me -y ^•TJi'Kit-^, ^^^mM-y 7 h Lfi i Se-7. tT p f 7 v 2 co^fettfS <!: O 

its. iOit, N-Me o->^:?-/Him$ivf£*^o:fc::<J: i I? 

3 fi, MMA t /eft ^ ^ u V <!: o 7 i> * /^*S-a-r i f) ') - (M, : 2-5 x 

3^ (>500nm) Ml=f^cj; fjMfeU - orife^*t;5||pB^$^^c@^{b$;Hfc. <»: < tc, 
V^t% Nfi^SiiL-C^lliT/i'^^u^^^ALfcJ^^, m'^'mMM^rn'om'^im (87%).^ 
(80 HU±) i%;^1igfc^#$ix, ^©^^&}i*/-v-(D^5;f^t]l±?c^iLfc. Cliti 
tr 7 U -r - i l^^r i. ;^ b 7 ^ /U A OlF:^I^^Kj:^ft^ JP ;i Se-X f p fc" 7 V 
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Wavelength/nm 

m 25 



800 



-yj, SCN-CxsHar, 8'-CH.C0C [Me] =CH2) it, ^ ^ y h ^ y^y^^ ^ ^ ^ 
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1. Introductory remarks 

Masahiro Irie Faculty of Engineering, Kyushu University, Fukuoka 812-81, Japan 

History of photochromism was briefly surveyed. The active research ahnost ceased in the end of 1960 
because of failure in synthesizing fatigue resistant compounds. Remarkable progress in opto-electronic 
technologies revived the interests of photochromism m the beginning of 1980. The recent efforts were 
focused in development of photochromic compounds for light limiting glasses, optical memory media, 
and photo-optical switching devices. The present state of the art was reviewed. 

2. Molecular orbital studies on photochromic molecules 

Shinichiro Nakamura Yokohama Research Center, Mitsubishi Chemical Corporation, 1000 Kamoshida, Aoba-ku, 
Yokohama 227, Japan 

Ab-initio and semiempirical MO studies on organic photochromic molecules are reviewed. An under- 
standing of the systems in terms of electronic structure is presented, focusing on four important requisites of 
photochromism; absorption property, thermal stability, reaction mechanism, and wavelength effect. 

3. Physical chemistry of photochromism. Photocyclization mechanism of m-stUbene ana- 
logues 

Hrvoje Petek Advanced Research Laboratory, Hitachi Ltd., Hatoyama, Saitama 350-03, Japan 

Recent progress of photocyclization mechanism of stilbene analogues, especially diphenylcycloalkenes, 
was reviewed from both theoretical and experimental points of view. The time dependent analysis of 
the primary processes based on theoretical calculations and laser photolysis methods successfully revealed 
the details of the reaction mechanism. 

4. Spiropyrans 

Akira MiYASHiTA Faculty of Engineering, Department of Applied Chemistry, Saitama Universily, Urawa 338, Japan 

Spiropyrans being one of the most typical organic photochromic compounds have featured in recent re- 
search interests in photo-functional materials such as photoinformation memories and optical recording. 
In this article, detailed structural study relevant to photochromism of spiropyrans and stabilization of their 
metastable merocyanine form are described, while synthesis and optical properties of novel negative Se- 
spiropyran derivatives are summarized. The structures of the metastable colored-form of the photochromic 
spirobenzothiopyrans were determined to be the zwitterionic form having {s-trans, s-cis) conformation in 
solutions, although X-ray crystallographical analysis of these colored-merocyanins suggested to be the zwit- 
terionic {s-trans, s-trans) form with H-type stacking structure in crystals. Diode-laser susceptible photo- 
chromic poly(methyhnethacrylate) anchoring spirobenzothiopyrans as side group are prepared by radical 
copolymerization of a series of spirobenzothiopyrans having methyknetacryloxy group with MMA. The 
cast films of colorless SP-MMA copolymers immediately colored to deep green by being exposed to UV hght. 
The resulting colored fihn retained the deep green color in the dark over a year after initial slight decoloration, 
whereas the monomers in the composite film in PMMA matrix bleached slowly even at room temperature. 
The stable colored form of spirobenzoselenazolinobenzopyrans which showed negative photochromism, 
were determined to be the zwitterionic {s-trans, s-cis) structure in solutions, while photochromic properties 
of the related spirobenzoselenazolinonaphtooxiazin were largely affected by solvent polarity. A series of 
novel negative photochromic PMMA having Se-spiropyrans as side chain showed their reversible photochem- 
ical color change: visible light irradiation inducing rapid color-change from purple to colorless. This 
metastable colorless spiro-form was fixed more than 100 days in the dark, although the composite-film of 
PMMA doped with Se-spiropyran bleached back to the stable colored merocyanine-fihn. 
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5* Spirooxazines 

Masiitaka Nakamura Specialty Polymers Lab.^ Polymers Res, Labs., Toray Industries, Inc., 2-1, Sonoyama S-chome, 
Otsu, Shiga 520, Japan 

Spirooxazines are the photochromic compounds that have excellent fatigue-resistant property. Their 
colorless forms turned to colored forms by iiltraviolet-light irradiation. Colored forms turned to the color- 
less forms either by heat or visible-light irradiation. These photochromic phenomena occur by cleavage 
and formation of the spiro G-O bond of the oxazine ring. In this article, an outline of photochromic prop- 
erties of spirooxazines (coloring and bleaching rate, color density, thermal stabilization of the colored form, 
fatigue-resistant property, etc,) is described. In particular, (i) spirooxazines have relatively high coloring 
and bleaching rates: (ii) The molar absorption coefficients of colored forms of spirooxazines are 10^-10^ 
mol~^ dm^ cm~^ : (iii) Spirooxazines show ahnost no fatigue after 2000 coloring and bleaching cycles. Clas- 
sification of the spirooxazine ring system is given, Spirooxazines have a wide variety of molecular structures 
with more than 100 ring systems. The relationship between the molecular structure (t.^., degree of con- 
jugation and effect of substituents) and absorption wavelength of the colored form is discussed. In general, 
spirooxazine compounds having the ring system with longer conjugation absorb longer wavelength light. 
Photochromic polymers with spirooxazine pendant groups have interesting properties such as high color 
density and low thermal bleaching rate. Spirooxazines have been practically used as eyeglasses (photo- 
chromic lenses) becaxise of their well-balanced properties. 

6. Diarylethenes 

Masahiro Irie Faculty of Engineering, Kyushu University, Fukuoka 812-81, Japan 

The molecular design principle and synthetic methods of thermally irreversible and fatigue resistant 
photochromic diarylethenes with heterocyclic rings, such as thiophene or benzothiophene, were described. 
The photo-generated colored forms were thermally stable at 80*'G for more than 3 months^ and the colora- 
tion/decoloration cycles could be repeated more 10* times with keeping the photochromic performance. 
The response times of photocyclization and ring-opening reactions were measured to be less than 10 ps 
by a pico-second laser photolysis method. The color variation of closed-ring forms from yellow to blue 
was realized by changing the substitution position of the thiophene rings to the ethylenyl moiety and 
introducing appropriate substituents to the thiophene rings. Gated photochromic reactivity was given to 
the molecules by introducing intramolecular hydrogen or S-S bond-forming groups. 

7. Chemistry of fulgides and related compounds 

Yasushi Yokgyama Department of Materials Chemistry, Faculty of Engineering, Yokohama National University^ 
Hodogaya-ku, Yokohama 240, Japan 

Fulgides are considered to be thermally irreversible photochromic compounds. This review article about 
the fulgides, with 90 references, deals with; (1) History of fulgides in the early times, particularly before they 
obtained the thermal stabiUty, (2) Effect of steric factor on the photochromism of fulgides, (3) Effect of ar- 
omatic rings on the photochromism of fulgides, (4) Structure elucidation and chirality of fulgides, (5) Effect 
of media on the photochromism of fulgides, (6) Photophysics of photochromism of fulgides, (7) Attempts 
to apply fulgides to photon-mode rewritable optical memory having non-destructive readout ability, (8) 
Chemistry of photochromic fulgide derivatives with additional fimction, (9) Thermally irreversible and re- 
versible photochromic molecviles related to fulgides, (10) Synthetic methods of fulgides, (11) Other interest- 
ing chemistry of fulgides. The time of the second generation of fulgides, just having thermal irreversibility, 
is coming to an end, and the time of the third generation of fulgides, with additional functional properties, 
has just commenced. Photofunctional molecules, expected to play important roles throughout the coming 
"Era of Photonics", will come out from the research in this field. 
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8. Cydophanes 

Masao Usui Organic Chemistry Division, Tokyo Metropolitan Industrial Technology Center, Tokyo 1 1 5, Japan 

The cydophanes in which the reactive aromatic rings are fixed in the suitable positions by the bridged 
J^'J^T J° ^ good photochromic compounds. The cydophanes containing anthracene ri^gs 
(so-caUed Anthracenophanes) and Metacyclophanes are known to show photodiramism. The main membm 
Iv L r -^'^'^"^-P^^ (^-^S two anthracene rings), anth«cenonaphthalenophanes 

(havmg an an&racene nng and a naphthalene ring) and anthracenoparacyclophanes (having an anthkcene 
^g and benzene ring). Photoirradiations of these orange or ydlow /n^hrLphanes give'cdoZ^^ 
molecular cycloadducts. These photopr.,ducts revert to the original cydophanes by heating or irradia- 

on the bndged diams or the aromatic nng aflfect the reactivities of the Anthracenophanes. The members of 
ToJilZt I T' [2.2]metacydophane-I.enes and [2.2]metacydophane.4,9-dienes, whid, 

^ow photodiromism with red tetrahydropyrenes and green dihydropyrenes, respectively. In the case of 

r""!! ^^/^•^^"P^^"^^ ^'^'^ ^t^W- the hydropyrenes. while in the case of meta- 
cyclophane-dienes the hydropyrenes are generally more stable. 

9. Ptotoduromism based on the photosensitized o^enation of polycondensed aromatic com- 
pounds 

Smnu, ToKrrA Department of Applied Chemistry, Faculty of Engineering, Saitama University, Urawa, Saitama 338. 

Recent progress in photochromism based on die photosensitized oxygenation of polycondensed aromatic 
compounds as shortly reviewed. Main topics are as foUows: (1) sSctural cheLiy of 
condensed aromatic compounds and their endoperoxides. (2) Position specifidty in photoseTtked ox 
ZZZl (5a). anthra[l,9-..4.,(..Womenf nTr^^i" 

STenrJ I rT ''P'^^^ ^ata of benzodixanthenes and anthradidiromenes together 

with the prediction of absorption maxima using molecular orbital techniques. 

10. Photochromism of chalcone derivatives 

^:LTzz:sut2!tpT "^'^^^ '''''''' ^-"^^ ^^^-^ 

As a simplified modd of the naturaUy occurring anthocyanin pigments, synthetic 2-hydroxychalcones 
Ition"™6S^ ""IT highly collred flavyhuL io^ on Sa 

were Ztl! f T ^ " T""' ^ P« ^^^^ °f The colored solutions 

were substantiaUy stable agamst prolonged irradiation with visible light. n.e absorption bands of thi 

T """ ^"^"^^ reversibility for repeated photodiemical coloration and theiZ 
T T ^ '""^^ "^^^ ^^"^^ ^^--^ves feature a l^h 

T""^"^ "^^"'^ " solid polymers, though irreversiWe the^ 

Dieactiing takes place. The photochromic properties are discussed in terms of frontier orbitals. 
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11. Organic materials for transmittance control 

Teruo Sakagami Nishiki Research Laboratories, Kureha Chemical Industry Co., Lid,, Iwaki, Fukushima 974, Japan 

An overview of materials for transmittance control using the organic photochromic compounds is given. 
Some of them have already been appHed to the ophthalmic lens and sunglass markets. However, even in 
these applications, the organic photochromic compounds have a disadvantage of lack of stability. The 
organic photochromic compounds lose their photochromic efficiency gradiially as the number of color re- 
versals or the total amount of ultraviolet radiation increases. The photochromic durability requirement 
for architectural and automobile glazing appHcations is more stringent. At present, the development of 
the total technologies for the transmittance control using the organic photochromic compounds is desired 
to extend this product life for large area of glazing application. 

12. Studies on photochromic performance of derivatives of fulgide and application to optical 
recording materials 

Akihiko ToMODA Basic Research and Development Laboratories, YAMAHA Co., Toyooka, Shizuoka 438-01, Japan 

Work on organic photochromic compounds has been attracted much attention because of a high possibility 
being used as a re-writable recording media. Owing to a highly-thermal fatigue resistant characteristic, 
a derivative of heterocyclic fulgide has been regarded as an excellent photochromic compound. In this 
paper, the author reported on a relationship between chemical structure and photochromic performance 
of fulgide in dilute solution or PMMA thin film and furthermore for practical use a possibility of fulgide 
disk as a recording media was also mentioned. In absorption spectra properties, it was clarified that an 
increase in electron-donating ability of heterocyclic or benzilidene structure of fulgide caused a bathochromic 
shift of the absorption of colored, e,g. photocyclized form of fulgide and some of which showed an enough 
susceptibility at semi-conductor laser oscillation wavelength (780 nm). On the other hand, quantum yield 
for both coloration and bleaching reaction of fulgides indicated that an increase of an electi^On-donating 
ability of the heterocyclic or benzyl structure caused a higher yield for coloration. Thermal stability and 
cycle fatigue resistance (photochemical stability) of fulgide in PMMA thin film were investigated and it was 
proved that oxazole structure as a heterocycle of fulgide was effective at improving the both stabilities. An 
optical fulgide disk was prepared and it was revealed that excellent read-out signal (CNR/49dB) was acquired 
and a reversible cycle-repeating, e.g. recording and erasing was possible. 

13. Application of photochromic compounds to multiple optical memory 

Junichi Hibino Central Research Laboratories, Matsushita Electric Industrial Co., Ltd., Souraku-gun, Kyoto 619-02, 
Japan 

Optical memories offer the potential for significant improvements in capacity over conventional mass 
memory technologies such as disks and magnetic tapes. Recent advances in oi>tical memory technology 
make it the leading contender for the next generation of mass memory devices. The memory density in 
optical data storage using lasers can be increased beyond the limit of planar packing of optical bits by multi- 
plying memory location by the frequency domain. In this chapter, we report a new multiple optical memory 
by the combination of multi-frequency and polarized recording by using the recording mediimi stacked with 
the five spiropyran aggregate layers. Investigating the aggregate-forming ability of the new synthesized 
photochromic spiropyrans, it can be developed novel five kinds of spiropyran aggregates each of which has 
a sharp absorption band at different wavelength. A recording medium stacked with the aggregate layers 
is confirmed 10-multiple optical memory by means of combining the multi-frequency recording with the 
recording by two mutually perpendicular linear-polarized lights. Furthermore the light absorption changes 
of these aggregates show nonlinear response with a threshold energy for laser irradiation. By using this 
phenomenon, non-destructive reading of record becomes possible by reading with the light of smaller energy 
than the threshold energy. 
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14. Photochromic liquid crystalline systems 

Kunihiro Ichimura Research Laboratory of Resources Utilization^ Tokyo Institute of Technology, Midori-ku, Yoko- 
hama 227 , Japan 

Kinetic studies on photochromic molecules dissolved in thermotropic as well as lyotropic mesophases have 
been carried out to elucidate effect of microenvironmental structures of liquid crystal phases on photochromic 
reactions, in particular on thermal reversion processes which are retarded in general in smectic phases whereas 
there is no marked difference between nematic and isotropic phases. A combination of photochromism 
and liquid crystal phases brings about novel photo-optical effects to lead to photochemical ways to regulate 
optical properties of Hquid crystals. The photochromic liquid crystal systems are classified into two groups 
whether photochromic molecules are incorporated in mesophases or bound onto substrate surfaces. One 
of the representative examples of the first involves photoinduced reversible mesophase alteration between 
nematic and isotropic phases. When a layer of a Uquid crystal polymer substituted with azobenzene is 
illuminated with Hnearly polarized light, uniaxial reorientation of the chromophores takes place to induce 
optical anisotropy. The second type of photoresponsibe Hquid crystal systems is assembled by sandwiching 
a nematic liquid crystal between a couple of substrate plates which arc covered with photochromic molecular 
layers. Irradiation for surface photochromism leads to reversible alteration of liquid crystal ahgnment be- 
tween homeotropic and planar modes. Furthermore, surface-assbted in-plane reorientation of mesophases 
is achieved by exposure to linearly polarized light to give rise to homogeneous aHgnment. These photo- 
responsive Hquid crystal systems are of practical significances to applying to various optical devices. 

15. Photochromic LB multilayers and its application to optical computer devices 

Iwao Yamazaki Department of Molecular Chemistry, Faculty of Engineering, Hokkaido University, Sapporo 060, Japan 

The Langmuir-Blodgett (LB) fihn is a mono- or multi-layered molecular assembly which is prepared by 
transferring a compressed monolayer spread on a water surface onto a soHd substrate. With the LB 
multilayer fihn, one can obtain a molecular stackmg architectures in which different kinds of dyes as 
donor and acceptor molecules are stacked sequentiaUy such that the excitation energy transports layer- 
to-layer through the Forster dipole-dipole interaction mechanism. The fluorescences are emitted succes- 
sively from respective layers associated widi the excitation transfer from the outer surface to the inner 
layer. One can examine the kinetic behavior of diis sequential excitation transport by measuring the ps 
time-resolved fluorescence spectrum. When a photochromic LB monolayer containing spiropyran, as an 
example, is incorporated in the LB multilayers, the transport of excitation can be switched depending 
on the reversible photochromic reaction between spiropyran and nierocyanine upon irradiating with UV 
or visible light. We can monitor the switching of energy transport by measuring the fluorescence inten- 
sities of particular layers. This type of photochromic LB film may function as a two-dimensional (2D) 
and optical switching molecular device. The logics between the input signals (P^ and Pg) and the output 
can be taken as AND, OR, NAND, NOR, P„ P„ P,P,, P,P„ and P.+P,. AH these correlation 

schemes are performed through selection of the wavelength(s) of the irradiation light as input and of 
the fluorescence emission (s) as output. 
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^ Experimental Chemical Lecture No. 12, the fourth edition, 
"Functionality of Substance" edited by the Chemical Society of Japan, 
published on April 20, 1993 by Maruzen k.k. 

(Page 184, paragraph 3. 2. to page 185, line 9) 
3. 2 Structural change due to light 
3. 2. 1 Photochromism 
a. Definition 

Photochromism is defined as reversible change {k^B) of a single 
compound which is caused due to a photoelectromagnetic wave in at least 
one process between two states having different absorption spectrum to 
each other. Hereinafter, the process in which thermodynamically stable 
A is converted to B due to photoexcitation is referred to as "positive 
reaction " and its reverse process is referred to as "reverse reaction". 
Further, when photochromsim is developed for various functional 
substances and materials, it becomes important whether the reverse 
reaction occurs due to only light or also due to heat. There is a suggestion 
that the former is called as P-(photochemical) type and the latter is called 
as T-(thermal) type. Most of photochromic compounds which have been 
ever known belong to T-type. However, thermal reverse reaction has a 
wide range of from a very fast progression in which its observation is 
difficult in room temperature, to a very slow progression. On the other 
hand, photochemical progression of the reverse reaction is difficult. 
Colored compounds which progress due to heat do not fade by irradiation 
of a visible light. Therefore, it is useful to apply them to a light quantity 
-adjusting material. This photochromism is sometimes called 
particularly as heliochromism. 

(Page 189, paragraphc to Page 190, line 3) 
C. Photochromic characteristics 
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There is a test method according to JIS to evaluate color fastness of 
a photochromic compound, wherein a test specimen is exposed to a light 
using direct rays of the sun or a weatherability tester and each degree of 
color change and color disappearance is judged by gray scale for color 
change and color disappearance immediately after exposure of a light and 
after standing for a prescribed time in a dark place. 

From its practical viewpoint, a method comprising performing 
continuously irradiation with a weatherability tester and determining 
half value period in the degree of coloration due to a light has been often 
applied. 

(Page 191, lines 5 to 6) 

Each sensitivity of color development and color disappearance 
depends on quantaum yield ( 0 ) X absorption coefficient ( f ). 
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a unizmmt^m^, m^jit^yn^'co^m^ny, 

(ij^'- i t * ^ ^ ^b^^^'fi^ i ;i -5 o-e, lu^ $: P- (photochemical) M, ^ T- 
(thermal) W.ti^^Mm>i> $> ^titx^iz j^htixi.^ i 7 ^ \- a ^ y 

A (heliochromism) i c?^^^-^- 4> -5'^ 

^^fk-^^i^ 0, 'i? 'J 7 =^ h ^ n ^ (polyphotochromism) ^^l"''. 4 fit 7 =^ 
|. ^ n ^ x'A {± 2 X k- n t K u ^ > K 'J U/i-ffc-a-t? (2) -CH^ S 




(1) (2) (A = COCH3, E = COOC2H5) 

^. 31l7 =^ > ^ o ^ X'ACD^J-C*>5;4S 2 07 ^ h o ^ X^A(Dft^^l|-e$,^^ [- 

o X f n f 7 > Langmuir-Blodgett H i LT^^.I^I- i> t , j^=^-j^%il!k<0 / o 

II J: ^ T X f a f 7 >- (iM -2- 
\%Q^^tX(D7 ^ ^ ° ^ x'A9f3(gtcKH^-C(± Brown^cr)fi!o»";6J^;|>;6S, ^ 



) J 
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- h Dg^^ (4) X^h=bTii. ^^'it7im0'^t^-m/^.^'^$>^. (4) 




(3) (4) (5) 

^^^7/u^'K (6), ^L<<±'eoOT^# (7) (?)R' ^^f"-'^^j:t*-TrB^t?.:: 

<!: 7i ^ CD -C, (7) {1 Ifl^ t i> {± R' f^^X * ^ ab -5 . RM± > ^ /^S. 
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(7) (Dms^m±^^iim^->7 ht-S.. R^(D^Li^M^^i (7) Ti^h (6) fiM-S* 
J-Umi'±^^£mm^^^^. (8) CO J: p^iR'.R' <!: ^ti;6>$iii>'fb-^%0 7^ h ^ 



CH3 CH3 




(6) (7) (8) 



O-^fiSt^^-STis T-fef^ u^-fb-g-^^J^^j— IS-C7/u=^r' K" ((6) HifV-T Y=0,S) ^-6- 
tt^^T'-:-^/' -yu^x^^^^ (f[|t(±*, (10), (ID) ^i^^^ti'^K C(Dld^£ 




CH3 

(9) (10) (11) 



:i(Dmco 1,3,5-^^^ h Hint's 7 :i- h ^ p XM.im^^T^iz^f- 

xfo [1,8a] v^t ro^ > K.; (14) <Difl^^jtfi;te(t-S^^mttil{±, xfo 



) } 
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10k ^m^mitKntsi^m-o' < h $ x-a ((i5)-^(i6)) t^^, -mn^^tix 




(15) R 



m^m#JPSJCD{^ i 5 7 h D 5 x'A(±^i^p«3^;c;-ei)*. [2+2] m^itHM 
KJ^'.LLX(D/ /^7i<'/\yi-i^^>-i^T V ((17), (18)) co^gS^^lii^i^p^ 

(17) (18) 

7 ^ > h u i: i ^ -> ^ n 7-^ >mmm'M^Xi^ <0 , 7 ^ V ^ ^ % y 

^i!fr6^4 [4+4] mt¥i%m.~m.\YK]K,r^ l^y ^ \ xxu ^^t. [2+2] S 

L-C'>^'n7T^S<!:1-SC<!:{Ii:oT, 7^hi^o* x' A (Djf ®^>fk;6SE ^5 



3-2 %^~lim^mt 189 
t^i. — fi^^^^^ [4 + 2] #llPL/i^> K^/U:i-:^r-> K (20) ;6«4j^L, 




(20) (21) 



C=C, N=N ^^izi6if ^^mi^mmtiz^-o^ <^ 7:^. h 5 x'A-e{±, 
V (22), - h uK>^-;^,u^^^ (23) f£i;^m^£^t^m^^htlXl^^''\ 




(22) (23) (24) 

C. 7:t h^P^'y:?'^^ 
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SC-fe^ hU 2M(DM:l<D^?:^0f±iLT^3^CMItt-5. «^ (± 500 W ^if 

3 ^f'ffl3l^j:?Flffigftx5Siei>M<t 4-5. Gautron ^ «±^ii[(D x t' n f 7 >^^ftcD^ 
^^^bSrfF0LTv^^75s3% «<hL.T^-fey >'77:.->^7>'7-^^i>-Ci>^. 

^ \ ^ ^ \ -y ^ \Y.%m(DW&\^^^^i^^z., XeCl^^->-7- I if-i^-fe 

/ ^ 7 7 :y -> ^ ^ia^^/-3^SM*f^^$gffl L/;''^ ^Tlv ^ (± XeCl 3. =^ ->-^ - u_ 
t ^tLH i: ^ T^g^ ^fe^ i--y-$:|gI3-34tDJ:3 {i:lglc L, «Hif A L 

^ r^'&M^it^m h. LT, IMJ 1; T-'>7- y > (5X10^)^2)^ v^r ij -yL':^ 

X> 01.1X10^)20), -N. 5 (105)«) ^JJ ^ .5 _ 
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a. m^mm. 



7 O , 



(3 -74) coi 3{'St::<!ix5J-e§^. 

n= (1/2T, + 1/T2)/k (3.74) 

i'^T»J5 tL^ Doppler /K^J 0 <±:^j^-Z5;6S t) O— e?[|-c^ ^. g-ft-c ^ # < 
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-te5=^r/>^^l (E13-70;&T) ^^UStS:: <!:;6S^^jyj:fjrpj;^^j{j;r^^^ 
^\z-C=0^t =C-OH m^^^^^y :fJ-^:>yh^^7!>^hrs:^ tK^M^^b^b 
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(Photochromism] 

It means the phenomena that a substance species changes its color 
in the state of a solid or a solution by irradiation of a light (an ultraviolet 
light or visible rays) and again reverts to its original color in a dark place 
(generally the reverting speed is low). It is also called as photochromy or 
phototropy. The cause of color change includes photoisomerization due to 
transfer of a hydrogen atom, production of free radical due to dissociation 
and opening of ring. However, its mechanism is not sufficiently 
established. Examples of the substance exhibiting photochromism 
includes inorganic compounds such as Hg3S2l2 and ZnS, and organic 
compounds such as hydrazine, oxazone, stilbene, derivatives of 
salicylaldehyde. spiropyrane or biimidazolyl and bianthrone. Most of 
these organic compounds remarkably changes from colorlessness or light 
yellow to blue, violet or red violet. It is known that the substance 
exhibiting photochromism exhibits thermochromism (reversible color 
change to be generated due to heat similar to photochromism) or 
piezochromism (reversible color change to be generated due to intense 
grinding of a solid or under an applied pressure). 
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POLYCARBONATES 

Polycarbonates (PC) are a special class of polyesters derived from the reaction 
of carbonic acid derivatives with aromatic, aliphatic, or mixed diols. They may be 
produced by the Schotten-Baumann reaction of phosgene with a diol in the presence 
of an appropriate hydrogen chloride acceptor (eq. 1) or by a melt transesterification 
reaction between the diol and a carbonate ester (eq. 2) (see Esters). 

n HOROH + n COCi, + {2?i + l) NaOH — ^ ^ 

Na-K()COR)tOH + 2n NaCl + 2n Efi (i) 
0 

HOROH + ..(R^O),CO ~-^> R'-i(OCOR»rOH + (2., - 1) R'Oh| (2) 

The three dihydroxybenzenes, hydroquinone, resorcinol, and catechol react with 
phosgene in pyridine (1). Hydroquinone and resorcinol yield polymers, whereas cat- 
echol produces a cychc carbonate. The hydroquinone polymer is crystalline, insoluble, 
and infusible. The resorcinol polycarbonate is an amorphous (glassy) material melting 
about 200° C. These polymers are no doubt of low molecular weight, especially the 
hydroquinone polycarbonate. Later, similar polymers were synthesized via a trans- 
esterification reaction between hydroquinone or resorcinol and diphenyl carbonate 
(2). In the late 1920s and early 1930s, aliphatic polycarbonates were included in the 
systematic exploration of polyesters but the low melting polycarbonates did not yield 
products of commercial interest (3). 

In 1941, Pittsburgh Plate Glass Company (PPG) introduced its liquid casting 
resin designated CR-39 (4). This material is reported to be the product of the reaction 
of diethylene glycol chlorof ormate with allyl alcohol. It may be polymerized (peroxide 
initiated) to yield a highly cross-linked, colorless, scratch-resistant, transparent un- 
saturated dicarbonate plastic which is used in optical applications. Although techni- 
cally outside the scope of this review, plastic objects derived from CR-39 are described 
as polycarbonates. This product, which is still on the market, could thus qualify as 
the first commercial polycarbonate. Akzo Chemie has just started up a new plant in 
the United Kingdom for its manufacture (5) (see Allyl monomers and polymers). 

Aromatic polycarbonates were rediscovered approximately fifty years after the 
early hydroquinone and resorcinol experiments. The polycarbonate of bisphenol A 
(2;2'bis(4-hydroxyphenyl)propane) was synthesized independently both at Bayer 
A.G. and General Electric, Because of its unusual and attractive characteristics, each 
company initiated a development program,. Bayer A.G. first announced a series of 
poiycarboaates derived from a^^sorted biphenols (6). The basic General Electric patent 
;7) clainui the transesterification process and its prodacts, whereas the'Bayer patenc. 
^8^ rrtivw-, ifiterfcicuii pt^jymerization process and has multiple claims to aromatic 
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BISPHENOL A POLYCARBONATE 



Properties and Characterization 



orodurln fn^^t'"'''";^' '"1 «f the commercial polymer is 

are used to apply coatmgs to polycarbonate parts. The solvents may crystallize craze 

ZwnrL7\ " "^^'^^ '^'^ polycarbonates. Chloroform c/H 2 

dichloroethylene, sy/n-tetrachloroethane, and methylene chloride are the preferred 

solvent {.3o0 g polymerA. solvent at 25°C) with the advantages of low flaramabilitv 
andtoxjaty.P^^^^^^^ 

at 25 C) are the nonhalogenated solvents. Hydrocarbons and aliphaUc Lok>ls e ler" 
and ketones do not dissolve polycarbonates. Chlorobenzene, which d J 

the processmg of polycarbonates, is an adequate high temperature solvent but the 

crt'SlSnTflf^^ 

S^t !! 11 ? u ""'"'^"^ amorphous polymer, and causes catastrophic failure 
o stressed m^^^^^ P-ts^Aliphatic and aromatic hydrocarbons promote cm 

Bisgienol A polycarbonate [25057-45-0] exhibits WghhydrolyticstabiH^^ Water 
ha no effect at neutral or acidic pH, whereas dilute alkSi slowly Stacks the surfa^^^ 
Bodmg a pob^carbonate film in dilute alkali etches the surface and t^pXer s oX 
decades and dissolves. The undissolved portion of the fihn retains rtenStr n^^^^ 

failed a?^700 anS >9nn H ^"'""^T e°^brittlement (10). The samples 

£ attrtlTto th.^^^^^ hours respectively. The hydrolytic stability can at least partly 

ature ?o W^^^^^^^^^ ^""^ '"^"^"'^^ ^"'^ ^'^^ glass-transition temper 

ature^Solvents such as p-dioxane reduce resistance to hydrolysis. 

m.ll^hl I ^"J^.^«""-™«Wing grades of bisphenol A polycarbonate nor- 

rolorm at 30 C. Extrusion grades may run slightly higher. Based on light scatterin^r 
u.d osmometry data, a typical polymer with an intrinsic viscosity of 0 50-0 5^11 

S'o 'Tm f;T'' "^^""'^^ ^^'^^ ^^-^ 30,000 and'a numhe a era 
..n,,otl 1 ,U00 to yield a dispersity ratio M,„/M„ of 2 

Vh. of positive trends in mechanical properties versus intrinsic visco.itv 

.n. ..op very steep until the intrinsic viscosity reaches 0.45 and th.n t.^-s oS' 
. at . cae v.i.es for all properties (tensile, impact, fiexural strength, e!;: 4 ■ ^ 

a... :.w;.roacn.ing niaxuna at intrinsic viscosity greater xhar 0.4;^ . 
'•'l^r't'' • -^^^^^ ^'3-of=ity continue, increase and c-u^ r.nir^^^- 
^, c '''''"'"l:';!"^^!'^- ^^ampie, polycurboaates w'lh v.sf^i'^v 

^ iir :. - ■:. : H.^pcoit rr, injecc into comple-K ;.:K»;ds. Thus, a c'^rnnT(^^■^^;''o 
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Crystallinity and Structure. The mechanical-optical properties of polycarbonates 
are those common to amorphous polymers. There may be some order, but it is insuf- 
ficiently developed to result in loss of transparency or to be observed in routine x-ray 
spectra The polymer, however, may be crystallized to some degree by prolonged 
heating at elevated temperature (8 d at 180°C) (11), or rapidly by immersion m acetone. 
Powdered amorphous polymer appears to dissolve partially in acetone, mitiaily be- 
coming sticky. It then hardens and becomes much less soluble as it crystalhzes. This 
change may be confirmed by before-and-after x-ray diagrams that change from dittuse 

to sharp patterns. -4. r jt /rr\ 

Film or fibers derived from low molecular weight polymer (viscosity <0.5 dL/g; 
tend to crystallize and embrittle on immersion in acetone; those based on higher mo- 
lecular weight polymer (viscosity >0.6 dL/g) become opaque, dilated, and elastonieric. 
When a dilated sample is stretched and dried, it retains orientation and is crystalline. 
An oriented crystallized film exhibits enhanced tensile strength. It is considerably 
higher at room temperature than that of amorphous fibn stretched to the same extent. 
In addition, the tensile heat-distortion temperature of crystalline fihn is approximately 
20'C higher. The gas permeability is decreased and resistance to solvent attack is 
increased. Plasticizer-nucleating agents have been patented that assist crystalhzation 
of polycarbonates (12). t. ia i 

Glass-Transition Temperature and Dependent Properties. Bisphenol A polycar- 
bonate has a bulky structure, and packing at the pivotal linkages tends to restrict 
rotation. Furthermore, the repeat units along the chain are longer than those of most 
common polymers, which makes ordered arrangement difficult. These features play 
a key role in determining the physical properties. , . . , . 

The T, at 149°C for bisphenol A polycarbonate is unusually high compared to 
that of polystyrene (100°C), poly(ethylene terephthalate) (69°C), nylon-6^ (45°C), 
and polyethylene (-45°C). At the Tg, an important determinant of many physical- 
mechanical properties, there is a significant onset of molecular mobility (rotation). 
A high T, indicates excellent dimensional stability and resistance to creep under load, 
both properties of bisphenol A polycarbonate. The T, essentially sets the upper 
temperature limit for maintenance of mechanical and electrical properties. Prom a 
practical standpoint, however, polymers are seldom used at their Tg. 

Melt Behavior. Bisphenol A polycarbonate becomes plastic at the reported melting 
range of 215-225° C and it may be shaped with sufficient pressure. The viscosity 
continues to decrease with increasing temperature and over its normal mjection- 
molding range of 270-315°C, the melt viscosity drops from 1100 to 360 Pa-s (11,000 
to 3600 P). For comparison purposes, the melt ^dscosity of poly(ethylene terephthalate) 
■ of similar molecular weight is five times lower over the same temperature range (13). 
Inasmuch as the melt viscosity of bisphenol A polycarbonate is essentially mdependent 
oF «hp-.r rate, orocessing- melt viscosity can only be reduced by increasmg the processing 
temperature.^Fortunately. the thermal stability of bisphenol A polycarbonate is ad- 
equate to oermit this. ^, i ^ 
i;yohen<..>l A pftiycarbonate exhibits outstanding thermal sta- 
. u,- hnijrs in the molten state up to 320"C and ror 
r '"ifi^rqda'/ion (6). Decoinpositiun 
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to burning. Its oxygen index at 26 is a quantitative measure of the thermal-oxidative 
stability, indicating that under test conditions an atmosphere comprised of 26% oxygen 
and 74% nitrogen is necessary to maintain combustion. The inherent fire resistance 
of the polymer may be further enhanced by incorporation of special catalytic additives 
or halogen-containing comonomers (15) (see Flame retardants). 

Light Transmission. Polycarbonate resins exhibit water-white clarity with visi- 
ble-light transmission of approximately 90%. Haze is minimal (1-2%), absorption m 
the uv range is essentiaUy complete, and penetration is very slight. Exposure to outdoor 
weathering causes yellowing and dulling of the surface. The refractive index ot 1.586 
is predictably high because of the high aromatic content. . , ^ , 

Polycarbonates are frequently employed as lightweight, break-resistant glass 
substitutes in light-transmission applications. For example, transparent canopies for 
high speed military aircraft withstand impact with fowl at Mach-II speeds. The high 
impact strength, combined with transparency and high flexural strength make 
polycarbonate sheet a candidate for bullet-resistant glazing. Both monolithic and 
laminated constructions are capable of stopping projectiles. The kinetic energy of a 
bullet is converted to heat and melts a partial or complete passage through the plastic 
without shattering. The projectile-stopping ability of bisphenol A polycarbonate 
appears to be an inherent property, that is, the energy-absorbing capacity per unit 
of thickness can be determined and the thickness calculated that is needed to stop 
a projectile with mass M moving at velocity V. The kinetic energy of the bullet on 
impact is Ei = \ MVf and on exit = MWl The energy absorbed by the sheet 
of plastic is E,. Energy absorption of the plastic is essentially mdependent 

of projectile velocity, whereas the bullet-stopping ability of glass increases with in- 
creasing velocity. The kinetic energy in the case of glass is apparently utilized m pro- 
ducing glass powder at very high speeds and large shards at low speeds. Laminated 
polycarbonate sheet is frequently used as protection against hand guns; a combination 
of laminated glass plus laminated polycarbonate sheet effectively st«ps very high speed 

rifle fire. , . . ^ t i „o 

Because polycarbonate sheets and film lack the abrasion resistance of glass, nu- 
merous transparent hard coats have been developed to protect the surface (16). 
Screening agents against uv are incorporated in the protective coatings, which also 
provide resistance to solvent attack (17) (see Uv stabilizers). 

Mechanical Properties. The unusual mechanical properties of bisphenol A poly- 
rarbonate are given in Table 1. Whereas its room-temperature modulus and tensile 
strength are in the same range as those of other amorphous thermoplastics at corre- 
sponding,- reduced temperatures, its impact strength and ductihty are altogether ex- 
c-pnonal. Below their T„ most amorphous polymers are stift, glasshke, and brittle 
in tension and bending. Polycarbonate is an exception. The stress-strain curve ni 
nnipvial tension (Fig. 1) is typical of ductile materials, consisting of an initial HooKeaxi 
re-ion tv,i!owed bv (shear-induced) yieidmg and plastic deformatiau to a total breaKing 
.^■Inn-n^ioYi of" 120%. The area under the stress-strain curve, a measure ui eaevgy ah- 



■-.•pu.-^ri uer uirit ^ ulut1^e, is approximatyly 65 J/nv' ^^^'^-^^^ Sru-ft-.'. 
■ .. .^"f:nevs;v abv:on.^'r-a 'M die-r'U'vt alumiauin. -asA GO^- tna- or '-^.y-r:. 

.■untsd vni^;e that ror noichsd Izod, which uieasuf es, accurdif'=i co \ 'u:r-o 
nriH.>jr.iure. Uie energy ateorptiop. under impact conditions, r,i a s?i.mpie 
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Bisphenol A Polycarbonate. Properties of injection-Molding Compound 



Properties 



Values 



ASTM Test 
method" 



Physical 
density, g/cm^ 
water absorption, m, 24 h 
equilibrium water, % 
light transmittance, % 
haze, % 

refractive index 
Thermal 
heat deflection, °C 

at 1820 kPa^ 

at 455 kPa^ 
specific heat, kJ/(kg.K)^ 
linear thermal expansion per ""C 
thermal conductivity, W/(m-K) 
brittle temperature, 
continuous-use temp, °C 
flammability, mm^ 
UL standard 

3.18 mm thick 

1.5 mm thick 
oxygen index, % 
Electrical 

dielectric strength, mV/m (380 V/min) 
dielectric constant 

at 60 Hz 

at 2.96 Hz 
power factor 

at 60 Hz 

at 1000 Hz 
volume resistivity, cm 
Mechanical 

tensile strength, MPa^ 

yield 

ultimate 
elongation, % 

yield 
break 

tensile modulus, MPa^ 
fiexural strength, MPa'- 
flexural modulus, MPa*^ 
compressive strength, MPa'- 
Izod impact, J/m^ 

notched 

un notched 
tensile impact, kJ/m- ^ 



1.200 

0.15 

0.35 

86-89 

i-2 

1.586 



132 
138 
1.26 

6.75 X 10- 

0.195 

<-129 

121 

<25 

94 V-2 
94V-2 
25 

15 

3.17 
2.96 

0.0009 
0.010 
8 X IQi^ 



62.1 
65.5 

6-8 
110 

2380 
93.1 

2340 
86.2 

860 

iio failure 
475-630 



D792 
D570 

D1003 
D1003 



D648 



C351 
D696 
C177 
D746 

D635 

UL 94 
UL 94 
D 2863 

D149 
D150 



D150 

D257 
D638 

D638 



D638 
D790 
D790 
D695 
D256 



D1322 



484 POLYCARBONATES 



11,000 
10,000 
9,000 
8,000 



7,000 

6,000 

5,000 ^ 

4,000 

3,000 

2,000 

1,000 



0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 
Strain, cm/cm 

Figure 1. Stress-strain curve for standard polycarbonate resins (23°). To convert MPa to psi, multiply 
by 145. 



a notch or stress concentrator. Polycarbonates were rated as the highest impact-re- 
sistant engineering polymers until the equally impact-resistant supertough nylons 
were recently introduced (18). However, polycarbonates under high strain rate (impact) 
conditions are sensitive to the severity of stress concentrators present; in addition, 
this sensitivity is temperature- and thickness-dependent. At room temperature, in- 
creasing the severity of the stress concentrator (by decreasing the radius of the notch 
tip from 0.038 to 0.020 mm) reduces the notched impact strength from 960 to 180 J/m 
(18 to 2.4 ft-Ibf/in.); moreover notched samples, when tested over a range of temper - 
atures, show a similar transition from ductile to brittle notched -impact behavior at 
—10 to -20°C (Fig. 2). There is also ah abrupt transition from ductile to brittie failure 
3S the thickness of the notched-impact lest bar is increased fn>m 3.18 to 6.35 laiu. "i^his 
critical thickness phenomenon has m^n at least partiaiiv re^^oivBcl by copi^KaTienzation 
of bis{4-hydroxyp.henyl) sulfide wich bisphenol A ^ 19). The G-en^u?* SlecLlc Cc-. ha^ 

The te-ioil-': irapact :Mr?ru;r^s ■■(^C -"vt-iuLuv :i^::h^'' >. : v.; :r>: 

•■angj^. ['hiio. the luht-rt-nt hi>{h l\^?^JhcK y^'yyV^tiiyiw^ ■ ~ y'-\\^i:y:. \ ':\\^\[''X'^,U't'i :.'\v*r 
a very broad temperature range, but the seni^itivicy b) strnsij r^ii-.^rs rnus^: he tak-n into 
account in parts to be used in situations invoivuw mipact. Caretui *1esi<<:n is essencial: 
for instance, avoidance of sharp corners. 
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Figure 2. Low temperature notched Izod impact strength. 
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Figure .3. Notched Izod impact-strength thickness effect. 



Most^rornmercia! polycarbonates are derived Irom 2,2-bi5{4-hydroxyph8nyl)- 
pro];arie. howevar. cew detalis of commerdai pOLymerizatio.a processes have been 
O^^^-^rrijUoT.?^ Ill the ceolmical press and patent ilterature tend oo be more 

'"- ; v:H'-^i>na{o, svhich in turn ceaci:^ vv:j:n b-ina;-;v=--! A ro 

.iea;^c expensivn rof^e. it wa^s phased ouL huvvever, becau:^e of itb im^iutabuity to 
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produce a wide range of products (21), The basic chemistry is shown in equation 3. 



HO- 



f 11 

0^ + ^^i^ci 



CH3 

bisphenol A 



CH, 

polycarbonate resin 



+ 2HC1 (3) 



The reaction may be run in solution employing a po iymer solvent such a. Xylene 
chloride and an acid acceptor such as pyridine (22). The polymer (mol wt 12,000-- 
5 000) may be recovered as a methylene chloride solution alter multiple aqueous 
washes to remove the pyridine hydrochloride formed and J;^^^ 

Most polycarbonate is produced by an mterfacial adaptation ^[^^^'^"-'f^^^ 
equation 3 (23). The bisphenol plus 1-3 mol percent monofunctional phenol (which 
rrrmolecular weight) is dissolved or slurried in ^^^^^^^XSt:^ 
methylene chloride is added as a polymer solvent plus a <=f ^^^^ 
amine and phosgene gas is dispersed in the rapidly stirred mixture. Additional caustic 
sltS)^s added as needed to maintain basicity. The growing polymer d-Bolves in 
the methylene chloride and the phenolic content of the aqueous phase diminishes^ 
By p'lct s^^^^^^^ chloride remains in the aqueous phase along w^th some^^^^^^^^ 
si^ts obtained as by-product of the reaction of part of the phosgene with caustic. When 
thfreactionTs completed, ie, the phenols disappear from the aqueous phase, the ph^es 
sepa W and the polymer solution is washed with water extracted with acid to 
remove catalyst residues, and finally washed to neutrahty with water. 

Recovery processes for isolating the polymer from reaction solvents remam closely 
guarded trade secrets. Proposed procedures include nonsolvent precipitation, partial 
or cor^plete so v,',t removal in boiling water followed by oven-drymg, spray-drying 
ZS^^t<^ solvent evaporation. The last ^^es ^ped- U^^^^^^ 
ar^d fmallv ^inpring through multiport vacuum-vented extruders (24). 1 he total re 
tTv r J a 1 V baUin, chlorinated hydrocarbon from a very high viscosity, ^-^^-^ 
rolvm-r presents .-nfcineering challenges. When a methylene chloride solut un o. 
^ V i JE^ted at ^lativeiy low ten.per«toes, foa.n is produced which «)mplKj^e 



:,X;'h;;;;;aiure. Therefore, elevated pressure rn.u.t be used ,na,aay_co 
,.r.^.r;r.n -h;i° riirtintftiums the polymer abt^ve its soUduiciiiipn v'hi,^- 
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luhon extrusion, the polymer is recovered in the form of an extruded strand that can 
be cut to yield a natura y transparent, pelletized molding compound. However, manv 
ZtT'r' "1'^' ^'"^'^^ '^^f^^""^ formulations, eg, glass fibers, color.s', 

nlpH^r w ^rdants, and a second extrusion operation is frequentl^ 

to r.tt . ° procedures that yield powdered polymers require rigorous drying 
to remove water and traces of solvent; all the powder must be extruded and palletized 
even m the case of naturally transparent formulations 

kylph™;„"Crer'""=''™ ""'"""^ «''"««°- to- Al- 



2 ((^)— OH + ClCCl + 2 NaOH <^y~o~C~-0--^^ 



+ 2 NaCl + 2 H2O (4) 



H- 



CH, 



CH, 



■0-^© + - 1) <^)-0H (5) 



r.«n« f Pl'^^y^/^bonate IS prepared by passing phosgene directly into an aqueous 
TdtL iZl ^^'"1 Alternatively, it may be prepared in a two-phase reaction 
medium as employed m the direct interfacial procedure for polymerization (25). The 
crude diphenyl carbonate is purified by extraction with dilute base to hydrolyze and 
remove residual phenyl chloroformates, followed by distillation 

J P«^y"»«"f ation ^ay be conducted conveniently in two stages, prepolymeri- 
bonlT (26). Equal weights of bisphenol A and diphenyl car- 

mTi j ^^nn ^"""'f ^ "^^^^^^ ^""^^^^^^ 0.01-0.001 mol % basic catalyst, eg. 
UNa,K,Li)2C03 or calcium acetate, under a nitrogen blanket in a metal-clad resin kettle. 
S ptpllfTl r delaminated by the cooling polymer as a consequence 

stSrai force?"" ' """'"^ '''''' ''''' 

begins (200-220 C); .hen the temperature is gradually raised to 260°C at a rate thnt 
expedites phenol removal. A nitrogen sweep .maintains an inert atmosphere and aids 
in the removal ox phenol, which may be promoted also bv r, reduction - pre^sMre 
Approximately 60-70% of the theoretical of oh^-oi r^a^ " 

aientiy before scirring becomes difYi.;i.ilt, At rhis ^ir:^",^,^ rjlr,,,^^- hn- 
viscosity of n.i to 0.2 dL/s ias rneasui-ad c-;.-.rnf..rni .in^-r^ 
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and mass transfer through a very viscous medium by promoting the generation of 
extensive surface. Since heat and mass transfer are rate-controlling, the time required 
for building molecular weight (as measured by intrinsic viscosity) from 0.20 to 0.55 
dL/g can vary from minutes to hours, depending on the efficiency of the reactor system. 
The final high molecular weight polymer is recovered from the reactor by extrusion 
as strand or sheet, which may be chopped or diced to yield pellets for molding or fuither 
compounding. 

Processing 

The polycarbonates may be fabricated by all conventional thermoplastic pro- 
cessing operations, of which injection molding is the most common (see Plastics pro- 
cessing). Recommended operating conditions are stock temperatvires of 275-325'=' C 
and molding pressures of 69-138 MPa (10,000-20,000 psi). Thorough predrying is 
required to prevent hydrolytic cleavage by entrapped moisture at the very high pro- 
cessing temperatures. Inadequate predrying may lead to surface-streaked parts and 
invariably loss of molecular weight. Typical properties of injection-molded parts are 
given in Table 1. 

Extrusion produces film, sheet, and stock shapes. A polymer with a higher mo- 
lecular weight than injection-molding grade is used. Temperatures vary between 285 
and 315°C. Predrying also is important to this process. 

Structural foam molding is a relatively recent development. The molding com- 
pound is charged with an inert gas under pressure and at the same time thermally 
plasticized in an extruder. Nitrogen gas may be pumped into the melt or the molding 
compound may contain a chemical blowing agent that decomposes with gas generation 
at the plasticizing temperature. The pressurized-plasticized melt is injected into a 
low pressure mold with a volume perhaps 25-30% larger than the compressed charge. 
The compressed gas in the melt causes th6 polymer to expand and fill the mold cavity. 
Very large parts with relatively low clamping pressures can be produced with this 
process, that is, structural parts with an expanded cross-section more resistant to 
deformation than a solid structure of the same weight. The surface is continuous, 
whereas the substrate is porous (see also Foamed plastics). 

Injection blow molding of polycarbonates produces an assortment of containers 
from nonbreakable baby bottles to 20-L water bottles to outdoor-lighting protective 
globes. The polymer may contain a small percentage of poiyfunctional monomer that 
acts as a branching agent (27). Introduction of slight branching has the effect of en- 
hancing the melt strength. 

Conventional thermoforming of sheet and film h applicabie co the production 
of skylights, radonies. signs, curved windshields, short-run prototype production of 

hnrlv Mi^rh^ vnr ^iAPtrli" r:^r>. ?^kiTT! I'lihil&S . hoatif- etC. 
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Table 2. Polyca rbonate Manufacturers, 1980 



United States 

General Electric 

Mobay 

Dow 
Europe 

Bayer 

General Electric 
Afiic 

ATO Chimie 
USSR 
Far East 
Teijin 

Mitsubishi Gas Chem. 
Mitsubishi Chem. 
IdemitsLi 

People's Republic of China 



Product 



Lex an 
Merlon 



Makrolon 
Lexan 
Sin vet 
Orgalan 



Paniite 
Jupilon 
Novarex 
Taflon 
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Status 



commercial 
comnnercial 
market sampling 

commercial 
commercial 

commercial-Tdemitsu Technology 
importing from Mitsubishi Chemical 
evaluating Anic Technology 

commercial 
commercial 

acquired Idemitsu production capability 
no longer producing proprietary product 
developmental polymer, possibly by 
transesterification 



supposedly utilizes 50-55% of the total 7S 000 «^ nnn + a 



Health and Safety Factors 



has been rrd fsSf ZJirHTT^^ Materials 

monoxide. ' ^omm^uvn component was carbon 



Uses 
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insulation and mechanical housings for appliances; steam-sterihzable food-processing 
equipment; computer housings where mechanical, electrical, and fire-resistance 
properties are needed; safety helmets, ski mobiles, hockey gear, motorcycle shields, 
etc; automotive applications for Hght, impact-resistant bumpers and instrument 
panels; and solar collectors, storm windows, and skylights (see also Polyesters). 

Production and applications for the standard commercial polycarbonate should 
grow even faster as patents run out and additional producers enter the field. Beyond 
the existing materials, many other opportunities remain to be explored. 

OTHER POLYCARBONATES AND RELATED TECHNOLOGY 

In the early commercial period, there was a broad and intensive search for new 
and more exotic polymers in the polycarbonate family (31). Some of the many bis- 
phenols and polymers that were investigated are listed in Table 3. None of the ho- 
mopolymers have been commercialized. The balance of properties obtainable from 
any of these polymers is not sufficiently attractive to justify the large investment for 
the commercialization of a new monomer and new polymer, 

Copolycarbonates based on bisphenol A and tetrabromobisphenol A were more 
attractive. The bromine content enhanced the inherent fire resistance of the bisphenol 
A polymer to yield products with excellent ratings (15). Furthermore, brominated 
bisphenol A did not detract significantly from the excellent balance of properties of 
the basic polymer. Polycarbonates from tetrachlorobisphenol A were explored but 
not commercialized, partly because the pure monomer was too expensive. 

Polycarbonates and copolycarbonates derived from 2,2-bis(4-hydroxyphenyl)- 
1,1-dichloroethylene have impact strength equivalent to that of bisphenol A poly- 
carbonate, high transparency, outstanding resistance to burning, very low smoke from 
forced combustion, and low toxicity of combustion products (34-35). 

A new polycarbonate is derived from tetramethylbisphenol A (33). Its monomer 
is produced by condensing acetone with 2,6-dimethylphenol, which is the monomer 
for General Electric's poly(2,6-dimethyl-l,4-phenyleneoxy) polymers (36). The 
polycarbonate [38797-88-5] from tetramethylbisphenol A resembles the dimethyl- 
phenylene ether pol3miers in their unusually high Tg value; ie, 207° C for the poly- 
carbonate and 215°C for the polyether. Both polymers have excellent hydrolytic 
stability, one because it is a polyether and the other because of steric hindrance to 
hydrolytic action. The polycarbonate, Hke the polyether, is reported to be c'ompatible 
with polystyrene. Under the assumption that the thermal OKidative stabilities are 
similar, the polymer will most probably be used in blend applications. 

Polyester carbonates are produced by the reaction of diacid chiurides or dlacids, 
pho^Ager^e, and bisphenuls in the presence of an acid acceptor (oT -30). Whf^n diacid^ 
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Table 3 {continued) 



Monomer 



Substituent 


CAS Registry 
Nuinber 


ivip, 0 


Poiytner 
Meitran^e 




Ref. 




[1774-34-1] 


203 


230-250 




32 


0 

II 

—s—o— 


[80-09-1] 


247-248 


200-210 




32 


R(R'-CH3, R'' = H) 














[79-97-0] 


137 


150-170 


95 


32 


H(R' = R'^ - CI) 












^CH(CH,), 


[79-95-8] 


133 


250-26.0 


180 


32 


R(R' = R'^ = Br) 












^CH(CH,), 


[79-94-7] 


178-180 


240-260 


157 


32 


R(R/ = R'' = CH3) 












^CIUCH,), 


[5613-46-7] 


165 




207 


33 


0 

II 

— s— 0— 


[13288-70-5] 


302 


>300 


250 


45 



subject of extensive research. Recently, aliphatic polycarbonates have been made by 
the organometallic-catalyzed reaction of carbon dioxide with epoxides (41). However, 
the reaction of carbon oxides with bisphenols to yield aromatic polycarbonates has 
not been reported. Therefore, attention has been focused on routes to diarylcarbonates 
without phosgene that could be employed in the transesterification process. 

Many recent patents contain claims for the production of dialkyl carbonates by 
the catalyzed reaction of alcohols and carbon monoxide (42). Some claims and dis- 
closures hcive been made for the conversion of dialkyl carbonates to diaryl carbonates 
(43). The direct production of diphenyl carbonate froir. phenol and carbon monoxide 
has been described (44). None of the disclosed chemistry appears to be sufficiently 
advanced to be considered as an alteruarive route co aTomatic poiycarboiiates. 
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8. U.S. 

9. D.F 

10. R. IV 

11. G. K 

12. J. M 
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(P174, lines 10 to 15) 

At the beginning of the 1940 years, allyldiglycol- 
carbonate (ADC, trade article name: CR-39) was 
developed by the PPG in U.S.A. Regarding the ADC resin, 
generally, ADC monomer was polymerized slowly over 
many hours in the presence of 3% content of isopropyl- 
percarbonate catalyst in a mold combined a glass mold 
and a resin gasket and molded (cast molding process). 



0 
II 

CH2 = CHCH2OCOCH2CH2 
II 

0 



Figure 1 a 1 1 y 1 d i g 1 y c olc a r b o n a te 



1 



4' 

(P175, Table l) 



Table 1 main oohthalmin 1 r n r 


materials 




Name of material 


Refractive 


A b b e s ' s 


s D e c i f i c 




Index 


number 


gravity 


(jr 1 a s s 








Crown glass 


1.523 


59 


2.54 


High refractive 


1.60 


42.5 


2.58 


Index glass 


1.70 


40 


2.99 




1.81 


33 


3.47 


Plastic lens 








PMMA 


1.49 


58 


1.19 


ADC resin 


1.50 


58 


1.32 


DAP resin 


1.55 


40 


1.27 


PC 


1.58 


30 


1.20 


MR-6 


1.60 


36 


1.35 


EYAS 


1.60 


4 2 


1.32 


MR-7 


1.66 


32 


1.35 



PMMA:polymethylmetacrylate 
ADC-allyldiglycolcarbonate 
DAP:diallylphthalate 
PC 'polycarbonate 

MR-6:trade article name, produced by Mitsui Toatsu 
Co., Ltd. 

MR-7: trade article name, produced by Mitsui 

Toatsu Co., Ltd. 
EYAS:trade article name, produced by HOYA Co., 

Ltd. 

2 



